LDEQ-EDMS Document 36293850, Page 251 of 476

<html><head><title>Object moved</title></head><body>
<h2>0bject moved to <a ps: //edms .deq. Louisi ‘app, y/1 70fe-4: deq.louisi 43£11b¥3dDefault: 1 >here</a>.</h2>
</body></html>




LDEQ-EDMS Document 36293850, Page 252 of 476

I
. This agreesent is bimding om the succ2ssels aad aszigns’ef tha respaceive
parties hezegs. .

l : If amy pazt of this agreement is for 2ay reason heid co te illegal, fa-
k - walid, -or unenforcesble, suck illegalicy, {nraiidity, or usecforceabilizy shall
‘ : sot affsc: any other provision, but this agreecant shall be conscTued and emiorced
as {f such fllegal, iavalid, ot vmenforeeable provisicns had me¢ been contaised )
kerein. Aay constitufisnmal or statutory provision enacted aftar the date of this
agreenext vhich validates or zzles legal amy provisicn hcraifl shall be dasmad ta

2pply hersco. . . -

- - - _ .

Tha Menicipalisiss shall nos grant a fraschise for the collesztion of

golid wasta wichin thair boundaries, vhich would circumvest the {atent af zhis

agresment for the disposal of solid waste by the Parish, iz being the intent hasaos .
ehat the axzlusive disposal of the ¥Mumicipalities® Selid wasce by the PaTish, vhe- e
' ' ted-by che Municipalicies, is che Iadugement.for the acquisizian, '
he Yitfas by the Paris ircs sold expe

. Przsidsng -t

R Ay

TOWN OF BALDVIN, LOUISIANA.

o . By — ' - ’ - .
et ’ - - Mayer

TOWN OF BER#ICX, LCUISIANA

Dlhirn b _

i

CITY OF FRANKLIN, LCUISIANA

3y
Mayer
: , - S . CITY OF MORGAN CTTT, LOUISIANA
. 3y
Hayer

TOLN OF PATTERSON, LOUISTANA

B 'By
— Mayar

[RT"N
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Izzx . R

) Tiis agreesenc i3 Diading om the suceessors and assigas of e |
pazrsies bezazs, - o

v

. IZ any part of this agreement Is for aay r2asen held go’ 111
. ' * walid,-or unenforceable, such illesalicy, ifzvalidicy, or unesforeradilic. .
b oot affect any orher provisiom, but this agreeceac siall be camstTuad arn

2s if such tllegal, iovalid, 0T umenforcaable provisions had mot baen <=
herein. Any conscitucional or stzsusoTy provision emaccad afzer the dar
agzeamane which validares or =akass iecgal any provisiom heraia shall e ¢
apply hereca. : . ’

.

. -7 - .
Tha Muaic{palisies shall nor grans 3 franchize for cke ealleoer
solid waste within their boundaries, which would cirzugveat the inge=z ¢
agreement for che disposal of solid waste by the Parish, it being the iz
that the exclusive dispesal of che Municipaliciszg' solid wvases by the 7c
thar or not collecced by the Mumicipalicies, Is the inducemanc fop-.che 2
and coastruction of the faéilities by the Pavish ac ies ‘sele: '

mee - T ] . - o o Mayor

TOWYN. OF BZEWICK, LCUISIANA

24

Mzyer .

Q} . - CITY OF FRANKLLY, LOUISIANA
Pl A Y4
Gl i 2 AN

Mayor

- L . ' CITY OF MORCAN CITY, LOULSIANA

- . By

* Mayer

| TOMNY OF PATTZRSON, LOUISIANA

+
. e

~- BT, :
: Hayor
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pms
. The Parish shall kasgp accurate records of all solid waszz daliverad 3
+8a salld wasta dispesal facilitifes and che toasags congzibuctad by each usar (iz-
< eluding the Parish) and shall gerform 211 gecessary tecerd keeping, billiag and
. - pthar acecounriag dutiss. Mmicipalities shall have thz Tighs to insg2cet, ugonm the
\_ giving of reascnable asgica, any aad ail reccrds {finaneizl aor otharwise) of zhe
‘ Parish ralating to the operation aad caiatenazce of the facilities. Ia 3czouncing
for the cost of cperacing the solid wasca disposal faeilizies, all ralswan: costs:
dizaez and indiract,shall te taken into account including, but not by way of li=i-
tardisn, a proper acount for depreciacion af =hese cocpounents of the facilitiasg
which ars expectad o raquire replacamend adoini{scracive costs and imsuranze.

| Ye operated, mainraized 30d
snldc Wotks {nies

!
“gacili

_ The Parish and the Municipaiiries shall srovide, estzblish, oparate,
saineain, regulate and fimance their separat2 and iadividual selid wasce collacticn
services, except as otherwisa set forch heresiz. -

.. . .. .

The Municipslities' collaction servicesshall serve oaly the aress vithia
zhedr respective municipal policizal jurisdizcicm. The solid wasta celleczion sav-
¥iges proviced by the Parish shall serve the uniocorporatad areas of the Parisa.

: The parties herste resarve the righs to coniTact, {adividually or callec- —
tively, wich any other parcy, iacluding ocher poiitical subdivisisns and =uoici-
palities, f£or the periermamce of solid vasca collaccion services. subject o the re~
atriction ‘esnrained in Article V hereia. All vehieles emplsyed for trumsporiiag
solid vaste, whecher used for solid wasze enllecsion sarvices of a§ part oL the
selfd wasce disposal facilities shall cozaly with any and all applicable swazs and

.. . loezl hezlch lavs, regulacions, and ordinances. All such vehizles shall be capsble
' of self-alceting or cdusping chair losd iato a stacicaary hoppaf °T othar racepcacle
and must be physically cespacidle wich the receivipg concainers and aguipmens-oof the
Parish locaced at the sites of the varicus cozponents of the salid vaste dissosal
: system. - The pacties hersce shall coordinace their solid waste collgetion sarvices
- ‘ . s0.as to permit timaly and propet leadings for the proposed £I3aspoTl vehicls
operations asd/er milliag plaac amd- lamdiill operaticns. s

~ ‘ i | pasd

This agreecent shall zoe be abregated or medified not shall any of the
Tights and obligations herczundar be ccansfarved or assigned withaut the =Tis
ccasent of all parcies heracs. .

.
- . e
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This agTee==nc 4= bizdiag on che SLCSISSII3 and assigns of the oo
gastizs herzco, :

) pot gy

17 any part of this agreesment Is for any raasca held co be ' iza.
. walid, -or umenforceable, suck illegalirw, invalidity, or uaesforeezbi. 7 s
O soe affeet aay other provisiom, buz this agreccest shall be comstzued and &
as {f suech ‘1llezzl, invalid, or unenforceabla provisions had pot basn cenza:
herain, Aoy conscitutisnal or stagutoTy provisien ezacted after the data o
agroezent which validates o makes legal amy provision herzin shall e dzez
apply herezo. : - '

.

. ™ -

=hs Municipalisiss shall not gTant 2 franchise for ths eolliction

., salid wasts wichin their boundarics, waich would eiresucvent the intext of =
" agreement for the dispesal of colid wasce by the Parish, it beiag the incan-
char the cxclusive disposal of che Munieipaliries' solid waste by the Paris!

. ghez or not collectad by the Mumicipalicdes, is tha inducemenc. for the acqu:
. and camstrucmigs of che fagilizias by th

2 Pavish at its sole espensa.. RS

‘i WITNESS WEEREDF, the partiel hareisha
“‘ba.giecured by their respeetive ‘gfficers thorcunto,
_-“ - - -: b v tt. :‘..l_'. .

TOWN OF BERWICK, LODISIANA

. 3y

. - . N Mayor

. CITY CF FRANYLIN, LOUISIANA
, 3y
) Mayor
. 1 .
. . PR €ITY OF MORGAN CITY, LOUISTANA
- By .
Mayor

TOWS OF PATTERSON, LOVISLANA

T : - By
' - T - : Mayor
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2, ™MCHPUTRISCIBLE WASTIZ™ =eaus all solid wagca other thsm
) ) ‘ putrescible wastz. . ) : -

2. WOUTRESCIELE WASTE" means wasta satardzls eontaining organde
matcer char is subject to rapid dacsmposizion by fuazi and
daczariz, such a5 food wasta and dead animals,

. ' i, TSOLID WASTE COLLECTION SERVICES" - The pericdis removal

: : and collaction of .selid waste materials, which are usually
asasemblad in containers at individual Tesidences, inscifue
tions, cocmereial establisheents and industrial plaacs, by
placement in vehicles which are designed for this purpese
2=d then transported to a receiviog facility ia the dispesal
systam., This definizisn does not Include the iazer=izzest
*delivery of small quantitfes of solid vaste macerials s
esrzain designaced raeeiving fagilirties by privace cersoms
£zum their own tesidences. . COLLINTION SERVICES as defined
are not pavt of the solid waste disposal facilizies of the
Psrish as herzafter dafined.

st producisy dovsilly #mi-

! CARSALL - BsEa
 and!14ght" commmretal wasce produs 231ty =iz
tufs "G f 'BSER puctescible’and nompucrescisle ‘naterialsy

"“eontalning a’highipercentsge of cesbustidle nife
+ such a5 small ‘.'v“eg'c':a::'.u_h,' paper-produers and” 523
packagiag ‘mafesialsl s oo oL 7 R

noc 5Tl T (e) | MBOULKY..WASTES' - honpaiieseisle Househoid, Fin- " T
oo stirurional, "asd: light corwereial wasce products

such as discarded furmirsre, appliznces, vehicle

‘pires amd parts, bicycles, meeal ecable, large erazes

and packing boxes, trees, sTumps, efs. . .

(3} "INDUSTRIAL WASTEZ" ~'all solid waste produces
of induscry, from doth on~shorz and off-shore opera-
‘tions, and fncluding derslitism, cemstruecion, fabri-
-eation, process, street and alley, and miscellanzous
*  waste, EXCEPT special vaste as dafined hercia. .

() 'TSPECIAL WASTE" - hazsrdous or toxic Yy-products
and discarded vssete materials from industrial opera~
tions, whether ia a solid, liquid, seni-liquid or
' gaseous state, such as radicactive materials, exple-
sives, cercain metals, tar, paiacs, solvencs, sludge,
: fumes, ete.; pachelogical vasce frem the operationm of
P * * medieal elinics, hespirals, abattoirs, dog pounds, and B
’ similar scureas, such as hocan and ani=sl reeains, .
. ‘ eontanminaced cloching, iastTuzents, fleer swecpiags,
! ) ) feod waste, etc.; pucrescible organic wasce from food
- ' preocessing planes such as slaugheer housaes, vazetabla,
< . . animal and marine life canncries and similar processes;
T  abandozed or- discarded vehicles of 2ll kiads.
C(f) FARM WASTZ" - 2ll organic waste products generated
frem agrieculiural and razelizg srodycsizn cperations that
are stored or dispesad of at Such lecations and in such a
zannar as nel o ercace 4 public sulsance oF endanger the
public healzh.
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L 4

go1id waste disposal facilities aad said fagilities shall be the sola and ex
elusive cezns ecployed by each Mumisipalicty aad che Parish for dispesal of ©
- pelid wastas, uanless ‘otherwise agreed ugen in writing by Parish and Municips

l. : : Each Mimicivality and the Parish agrees that ir will useccnl, .na

24

. he Pazish and Municipalities will be charged for the dispesal of : ¢ : . .-
solfd waste on che basis of the tomnage daliversd co the faeilities and acce Lt
Yy the Parich for disposal. All rovesues from such charges szall ba used sc .
£gr the operaticn, sdoinistration aad mzintenance of the fasilicias {aecludiz
sarves for depreciation anmd replacament of equipzenc, izprovensats, worTks ar
wachinery of the solid vasge -disposal fagilicies. Depracizzd
edi :’,i:f':a':t:gqrda‘nééfvi:b-“s_tééi;g;gr-_J,:’.f a’tables of cepreciacicn..

=ad g‘_;'j,',’.:}o_.,r,e.'_i:_l&'i;'rséi':a;:_{_y'j._ca;ital_i;::::cndeg o the.
the galid was: & dispeSdl facilizies,  The:parries herera agr
“for thel dispesal of their solid vaste apder, Bh

. cost per - insuffieione £o fully pay Lhe costiofy
a=d Eaintaifing. cie faciliries; the'Parish zay inereasa “tie
'+ tan for. the ramaiming six ::_n_n;hs:z’sui;je::_;:a approval by th

Cpaliddest

R : ' : _
.- . (5) : After the first twelve months-of spaxaciod, fhe 228t ve
“shall belcaleul tad For each year thersafter as follsus:.. .

The tozal ecsts for che preesedidg year of operarion. afzer
deducsing any revenues frem iaduscrial and izdividual uSers
- of the faeilities, shall be divided ty che rotal tomsage
daliversd by the Parish and the Municipalitias duzing suzh
wear and such cost per taa shall be che charge per fon to
the parties to this Agreement ‘for the fpllewing year. TIha

detarmination of said cost per toz shall be ealeulaged with-
- £m°30 days afrar the end of each twalve mench peried of

operation.

-
.

il

. The Parish, as the owner and operater af the solid waste disposal £
gdés, shall have the =ight to rafuse any solid wastes it deems 2ot accepradle
processing by the faciliries. All wasta mararials entering the solid vasca =i
planc or landfill shall be weighed at the scale scacion provided for that puTy
at the poinz of edery, and records of the weight, date, identity of tha user (
- Parish, Municlpalicy, fzduscty), and ocher pertizent data shall be kepe. ALl
- waste will ba deliv=red to che Parish solid waste disposal facilicies in acsov
vith the proczdures, schedules and ragulations designated and prescribad by th
Diractor of the Deparz=emnc of Public Warks of St. Mary Pazish amd pursuant =3
provisions of the Soiid Waste Magagegent Ordinanca of S¢. Mary Parish, Louisia
Any Municipallzy eor other user availing icself of the said Eacilicies shall de.
{rs solid wasze co the peiacs designated by che Parish in accordance with such
ordinances and regulazions. The Parish, threugh izs Direstor of Public Wotks,
publisk in convendicnt forn such ordinances and repulaciens 2nd disgribute thea
the Municipalicids and any othev incerasced person. Sych regulations, unless
wisa provided taerein, shall hava bindiag effact ipmediately upea issuance.

..

o ’ ¥III -
Tach Mumieizaiizy shail be billed.cz z memrhiy zagis for &
quaacity {eons) of solid wasic deliveree 3z such eacrses shall S2 cuw
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524TZ OF LGUISIANA

. PAXISE OF ST. HARY

SOLID WASTE DISPOSAL. ACREEMENT

(. _ ~ tuda Agfam:znc_ zade and encersd imto, iz 5 sultiple origizals,

&3 af this day of July . , 1976, by aad betves s

THE PARISH OF ST. YARY. STATE OF ‘LQIJISI.A.‘I.\. a policieal
subdivision of the Stats hereinzfrer called the "Parish:,
asting by ond through the President of the Police Jury of
said Parish, the governing amchority chereaf, pursuang co
the provisicns of a reselucion adapr.zd by the Polize Jury
en - Julvy 28, 1978 )

-

asd

.

b "mz CITIES OF, ’mmm AND NOREAN eITY, LOUTSTANA m:nra:

ﬂ: as, the, __.sal;.d was.a d:fspasal facil;*‘as")'

- ﬁ'E'EEEAS, said sa].id wasts dinosal facﬂi:izs uﬂl he gad’ za‘- :he
%en.e.f*' ef the i::srpora:ed and undseorporatad a.:aas ef :..e ?z:isa" * :

—~—

mr_as the Hmicipali..ies raquz-s adequata fz:il..*‘es ta d.sacse CH
- .t!:e s01id wasce colleczed by them to esmply witk, apgl_ublﬂ' :edera.l' vui:cl_n:s
.aad S:a:e. Department nf HBealth Ragul;:iaus' and R

WHEREAS, pursuant to Par: vII, Chapter 2, Title 33 of the Lowisiana
Raviszd Statutes of 1970, Parish and :—'un:.upali:ias may =3ka arrasgememss ia
order. to creats greateds ef {cisney and ecegemy ia, and to further tha exten—
sica of szrvices in the area of solid wasta disposal; and : :

WHEREAS, by emtering into this Agraemant, the Eunisipglitias will zveid
..the nee=ssity of construeting aad acquirisg. thedr ovm Individuil.disposal fasili-
ties and thereby afford greater savings to their cicizess and reduce chair per
caplta costs Io: solid vaste disposal; ann .

WHEREAS, Hun:.cipali:i.s wish to Lnduce and encaur:g- the Farish o5 coa-~
T plate the acguisicion, construstion and financing of the golld waste dlisposal
facilitias and zssure the Pa.risb that’ Hum.:ipalil:ies will use said facilicias upen
. -thcir co:plc:inn.

- NOW, THEREFQLE, for and 1n cons:.derz:inn of the m:ual covenaats hazcin
-c:ntaincd, the parties hereto ngtce. as follows?y " - . .

- .' _"-.I

For the purpose of this Agreczenc, the vords aad ferss as ’:etc.n used
i . 8hall have the fal.a'n.:z" ncaniugs. .

I. HESCLNY, "HERETC", AND "F:.RJ.:O 7" refer to the emtire agrecmeat,
- unlers the coacex clearly indicates otherwisa.
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5. TsorID WASTE DISPCSAL FACILITIES” or "TACILITIES" =zeans
ynlcess the contaxt clsarly ccherwisa irdicac=s, the Eac;.-
1f2des of the Parish composed of the follewing cosoponents,
4=cluding all vehicles, ccmpactors, 2quipmear, contaicars
machipery, appurtenzacas and sites necassary therafor: .

na:_gd by the Parish at which wasge zaterials arze sransfersad
from collecticn vehicles inco large eapacity vehiclag for -
tTaasport Co the milling plaac or landfill. ’

. o (a) PTRANSFER STATIONS” - chae site or sites o be des.,

(t) "™TRANSPORT VEHICLES™ ~ large capacity vehicles ewmad

bw. tha Parish and vsed to £TanspoTt solid wvasta from the

Transfar Stations or othsr parts of the Parish to the M{ll-

.dng Plant andfor Landfill. Small czpacity vehicles used

far Colleccion Sexvices by the Polics Jury of the Pavisk : Yo
43 serving unincorporatad areas are mot part of the solid IO
wasta disposal facilizies as herein defined. Co

{c) "LANDFILL" = ome oT ‘more gites at which milled or :
shiedded wasze magerials and/or nom-shrecced waste matavials |
.are pliced, compacted and .graded to-3 prédazdrminad Heighe
o ez depth and 6o which T tinal covéd of east! feplagedlin
- (@): MHTILING TLANI” fhe} faeilicy L vhith garbage and”

‘rubbish will ba processed by safsdding or grimding inzo -
“ pd wolums reduissisa mechanical process faz:
S DT

(e MIASTDNATER TREATMENT FACILITZ(S)” = a’ plant, gxidaciia’
pend of other approved faeility iz which sespaga waler (lessh
. as2), ToacEf wacer from the landfill, ffes the

. g 2 " and wascawatér fiTathe
md1ling. plang is ‘processedy treaced of purifi_ed’inisu_:lg* a’
- mamnmer that it will beccme ingffensive and, goninjirisus o

" ‘plane and zmimal life.”

il Thme i e

i ) The Parish agrees ta plan,; acquirel. eomacTu=t, fimance, operate azd
mafacain cthe solid waste disposal facilicles. The encize cast of. the acquisi-
sion and censtruccion of che facilities will be paid by the Parish from ics
shara af thes avails or proseeds of tha*3/4Z sales and use £ax being lavied aac
eollecred by the Parish pursuanc to the authority of a special elesticn held ¢
Degember 11, 1973, and other Tevenuss as nacessary. The costs of mainzaiaiaz

-and operasing said faeiliries s wmore fully hereizafrer defined will be paid
solely from fees and charges laviad upon and collected from users of the facil
ties (ipeluding the Parish and Munizipalicies) which fees aad chatges shall e

datermined accordicg Co the provisions of this conzracc.
_III

- 7 fis Agreement shall be valid aod binding pon the parzies herets
the dace first wTicten abave, uneil Jaawary 1, 1999, provided, however, that
t11 the solid vasce disposal fagilities have been complezed and are Teady o
eperacion, and secificacicu chercef given to the Municipalizies by the Faris
no solid vaste vill de delivered to che selid vaste disposal facilities by ¢
Honlcipalizies or. accepted by the Parish. for dispesal. SN

i ) )
- Py s

.

. | The Parish, In consideracion of the sums to be paid by Munieipall:
bareinafrer sez forth in Article VI of this agree=ere, hereoy. agress Lo Tad2
process azd dissose ¢f the solid wasce eolleccad by che Munizipalities az2 ¢

_ ] liverzd_to the Parish solid wasce disposal facilities in acgordance with 132
e ,“'d provisicns af this Agraecest. Special was:te gnd farz wasce as Gafl: i
. ) ziele I shail mot be agcapted by the Parish far disposal.

. N
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2000

! CRDINANCE NO. 1101

*An Ordinance prohibitiag persons
from removing, picking up or
{ transferring recyclable materials
v left at curbside in contafaers, and
1

providing penalties for vielation
_of same.

i
! BE IT ORDAINED by the St. Mary Pardsh Couacil 1in
{ ragular sessicn coavened: . .

SECTION 1. No person or persoans, other than the
current resident of the propefty on which the i1tems are
placed, or am authorized carrier, shall rgmove, pleck up, or
trangfer reeyclable materials left at 'curbside in auny
residential subdivision, or at curhsids ac any slaogle—-fanmily
W tesldence. Materials lefr at curbside, 1in either

apecifically marked recovery coantaiasrs :.or ;other type of
) coutainec, are. to be picked idp. by~a- designated carrier;, Loz, ,
.. the. putpose 'of reasval {of. tecyclable ‘matecrtali.. Materialif,”
' Q}referred_ to, and. .to be.- left’ a:' curbside in/. specifically K
3 ,éon:aiuars LWLLYL include byt not be_ limiged - ‘
newgpaper and alumin.um. .

H Each

subdivision resideuce location

. sidenca lﬁcated -shall” . constithtel” ;i ,

viola:ion ‘of this- section. Unauthorizad: persons ramoving )

. miterialg ar bins other ‘than those persons designated above.
'shall be fined as follows. ; : l

.. (1) Upon First couvictiou of{viola:ion_of this
.“ . section, -the. persou :shall  be fined twenty-five
: ($25.00) dollars fcr each such-"'
. 2y Gpon ' secoud couvic:ion of violation of :his
7.0 seedion; the perscn.shall be fined Fifty S
’ (550.00); dollars for each such violation.
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(3) Upen chird and subsequent couvictions of
viglation af chis section, the person shall be
fihed one hundred ($100 00) dollars for esach

(. such violation.

SECTION 3. " All ordinance or parts of ordinances im

conflicr herewith are hereby repealed.
This cordinance haviong been offered and read oo thls the U9th
- day of May, 1%90; having been published in accordance with
i law; and having beea heard in a public heariog held at
; Franklin, Louislana on the 13th day of June, 19%0; was
i adopted by the following vote on the L3th day of June, 1990.

i
Joseph Davis, Chuck Rogers, Emory Jeénnings, James
Russe, Henry Steckler, Loylis Duhon, H. V. Fondren,
1 Rober: McHugh and Harold Clausen.

AYES:

5Nona._

. ” 1
HAROLD G- CLAUSEN, L CHAIRMAN -
e STMARY, PARISH COUNCIL

L - ’

kN
, CLERK
4RISH .COUNCIL

.ST' MARY "

'-This-Ord@nénce was
~1 Pdrish oa this the

submiéted Lo

the President- of Sc:-

Mar

/5€lday of June, 1950 ar the hour ofa?a},ﬁm

APPROVED:

v/

PRESCOTT FOSTER, PRESIDENT

ST. MARY PARISH
This Ordinagce was retutned to the Clerk of the Couneil on
this the [ Zday of June, 1990 at the hour of gffkfﬁnq
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ORDINANCE ¥O. 1103
An Ordinance providing for the disposal
of rope, wire rope, and hoses, and
providing for penal:ies fFor vioclation
of same.

BE IT ORDALNED, regular

Parish Council:

i session by the St.

“SECTION 1: The St. Mary Parish Harold J.
Landry .Reduction and Resource Recovery Facility
-Transfer Statioan shall accept no rope, wire rope,

and

it five (5) feeat.

"SECTION 2. Nao person, firm, °~ partnership
corporation shall bring oatoe the premises of the St.
Parish Harold J. "Babe" Landry Reductiorn. .and“
Recovery Facilixy ‘and che Irausfer Statiomn . ‘Hot
'persou, firm, partnership or corporation dump
-rope, wire -Iope; or
Y UEiTsE - cut into lengths fiot" exceeding five (S) feet.

x fpartnershi'
of ‘this. Ordinauce‘

chaa ' six_(&) man:hs .er both

el

bé?ffﬁgd}ﬁdt.m re than $500 or be imprisoned for not‘mor

Mary

“Babe™

the

ot hoses
of any nature unless same are cut into lengths not exceeding

or

Mary, .
Resource

hoges’ of -any na:ura unless: the' same is




LDEQ-EDMS Document 36293850, Page 263 of 476

. 2008

'sﬂEfﬁ_ERLf
© TSTLYMARY \PARISH CDUHCIL

SECTION 4. HNocthing provided herein shall eliminate or
lessen the obligation of aay person, firm, partoership or
corporation for damages to persons or property resulting
from any disregard of this ordinance.

SECTION S. All ordinances or parts of ordimances in
conflict herewith are hereby repealed.

This ordinance shall become effective upon publication in
the Offfcial Journal.

This ordinrance having beea offered agd read on this the 9ch
day of May, 1990; having been published ;in accordance with
law; and having been heard Lo a publie hearing held at
Franklin, Louisiana on the 13ch day of June, 1990; was
adopted by the following vote on the 13th day of Jume, 1990.

Joseph Davis, Chuck Rogears, E:nory Jennings, Janes
- Russga, : Henry Steckler, Loylzs Duhon, H . V. .Foadcen,: -*
Robert McHugh and Harold Clausen. R *

T : :
‘-_'HAR‘LDVG “CLAUSEN,’ CHAIRMAN“
‘ST MARY PARISH COUCNIL Al

- FUSATERL, CLERK CTT e s e

. This COrdimance was sSubmitted to the President of St. Mary

Parish on this the A ay of June, 1990 at the hour ofg.:,szm
ar ROVED’

JfMJAL( Jﬂ'all

PRESCOTT FOSTER, PRESIDENT
ST. MARY PARISH

This Ordina wag returned to the Clerk of the.Council oun
this the B day of June, 1990 at the hour of S'I'Q)PM
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ORDINANCE NO, 1132

An Ordinance prohibicing the
(. disposal of whole tires at the
¥ Harold -J. "Babe" Landry Soltd
Waste Facility and/or the West End
Transfer Station; reguiring chat
gsame be shredded or cur in half
before disposal; and providing
penalties for violation of same.

BE IT ORDAINED, by che St. Mary Parish Council, state
of Louisiana, acting as the governing authority of said
Parish: : ;

SECTION 1. No person, firm, cerporatiecn, partnerships
or other enticy shall dispose of any automobile, ctruck, farm
implement or other. Etires at the Harold J. "Babe" Laundry,
Solid . -Waste Facility.or the Wesc fnd Transfer ,Station

I Withouc  having] first-.had. same cit’ 15 half; or ishredded “id. -
actordance. with rtyles. and regulations, .promy
toiisiand Ddpa ment. of ‘Enviconaental  Qua :

[ said & wasie 10 suEh;event the “Solfd”
. .shall-chatge and the $aid ientity desiring to-d
‘-shall’be’ charged acd pay.fees as follows: .. |

b R L A - y S e a :
fybping fees for waste ctires be serac’ §1.00 per:
W atrle e dre,r §2.00, pecltic up., .

$15.00 per tire for any oversize'tires. .

TEé
;and';i”'

.

DR .l ST . L el . »fﬂt:“'W. :
o ... SECTION 3.. Amy person who shall violate tlie provisions
heteof. ' . : ’ -

m e

;_:. " This Bédinance havidg ‘been offéred and read on this: 26th. day

N of" December, having deen published'in ac;ord&nc@7ﬁith*law;
and having been heard in a public hearing held at Franklia, .

_Louisiana on cthe 13th day of February, 1991; was adopted by
the following vote an the 13th day of February, 1991.

AYES: Gary Wiltz, Chuck Rogerts, Ruth Davis, Emory Jennings,
Kachy Taylor, James Russo, Henry Steckler, Loylis
Duhon, H. V. Fcndren,rand Harold Clausen.

NAYS: Roberc McHugh.

ABSENT: None.

AFPqi: . /

_ 2 _)5‘(E%égbﬁdaﬁ’
HAROLD~G. CLAUSEN, SR., CHAIRMAN
ST. MARY PARISH COUNCIL

KJMBERLY W.[ PUSATERI, CLERK
ST. ‘MARY PARISH COUNCIL

i ‘ This Qrdinanee was submitted to the President of 'St. Mary | DJ
Pacish on this the 15ch day of February, 1991 at the hour-ofhsop

ROVED:
—

" —

“PRESCOTT FOSTER, PRESIDENT

v . ST. MARY PARISH

This Ordinance wWas T turned to the Clerk of the Council on
this the S0 # day ofqi},

: WU-J‘ 1991 at che hour of £ 300M.
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ORDINANCE NO. 1148

An ordinance amending Ordinance No. 1108 providing for
the disposal of surplus white goods disposed of at the
St. Mary Parish Solid Waste Reduction Plant and the
Pickup Stationr.

_/-

SECTION 1. The Chief Administration Qfficer of the
Parish of St. Mary is heraby authorized to dispose of "White
Goods” from time to time in his/her discretion, by bid,
auction, or sale in accordance with law.

SECTION 2. Except as amended herein,!the provisions af
Ordinance No. 1108 shall remain in full force and effecc.

SECTICN 3.

ALl ordinances in conflict herewith are
hereby repealed. : '

?ldf August, 1991; hav1ng baen ?ubllshed 15 adcorddnce ™
1 and having been heard in a public hearing held at

Gary W1ltz, Chuck Rogers,_Rdth”Davié,‘Emo:y Jenrnings,
. Kathy Taylor,,James Russo, Henry Steckler, Loylis
fDuth,.H v Fondren, Robe:t McHugh and Haruld

;LClausen. ST T D

NA¥S:.  ‘None.
- : < Hone.
APPROVED
HAROLD G. CLAUSEN, SR., CHAIRMAN
ST.

PUSATERI,
MARY PARISH COUNCIL

ST.

This ordinance was sub
Parish on this the %)

aof | ik)f)fh

MARY PARISH CQUNCIL

CLERK

icted to the President of St.
day of September, "1991,

APPROVED:

G 7
Al g Ld ¢3§N£L~"

Mary

at the hour

“ PHESCUTT FOSTER, PRESIDENT
ST. MARY PARISH

v

This ordinance was returned to the Clerk of the Council on

this the g@? day of

Om , 1991 at che hour of ]QO{D]’Y\




LDEQ-EDMS Document 36293850, Page 266 of 476

AR
[N
C
0o

ORDINANCE NO

An ordi.uance ameunding Ordi
for the dispoesal of all re

1157

nance No. 1148 providing
cyclable goods disposed
Solid Waste Reduction Plant

of at the St. Mary Parish
and the Pickup Station.

The Chief Administrative Officer of the Parish
of St. Mary is hereby auchorized to dispose of all recyclable
goods from time to clme in- his/her discretion, by bid, auction or

sale in accordance with law.

SECTION 1.

B i :
SECTION 2. All.ordinances in conflict herewith are. hereby

repealed.

This ordinance shall become gffective upon publicarion.
o -thiscthe 13ch day--

ving beea’ of fg_r':édw_"_a ad - fead o
ceordance withilaw

”_This.:;ﬂrqin:ance'".ha

+afi Novembler; 1991 i “havigg©been pubkished icn
s and. having been, heazd: id. a publie: heartng wheldwar Frawklin, . = -
" Louisiana:on the:l8ch'day of Decembér, . 1991; was ad opted.by ThE.-
“fpllowing. vote: on:che k&th day-ofs December;.~ 1991 : e

EyiuriTs) Chuek Rogeisy
trick. Hebert;” Henty: Steckler
Robert McHugh: and THa

GV pndren)’ Ei:'o"l. d! ..C'J_.; dugens

“EAROLD G. CLAUSEN, SR.,
§T. MARY PARISH COUNCIL

MARY PARISH COUNCIL

ST.

This ordinancé was submitted -t
on thig the 20th day of December, 1991 at the h

o the President of St. Mary Parish

our of Q'SDP.[’“

APPROVED:

L e

PRESCOTIT FOSTER, PRESIDENT
5T, MARY PARISH

Council on this

£4:3lpm.

urned to the GClerk of A:he
199),ac che hour o

This ordinance waAS ret

the A day of \_}_;Dwau]’

b
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2673
: ORDINANCE NO. 1212 1
K’ An Ordinance providing for the enforcement o
of collection of garbage collectlon faes .

py contract with waterworks districts and/or
the filing of property liens, all in accordance
with thé provisions of Louisiana Law.

BE IT ORDAINED that the parish of St. Mary, State of
Louisiana contract with Waterworks Districts for the
collection of garbage cellection fees, with the stipulation
that water service may be terminated for noppayment;
alternatively or in addition thereto, that tiens be filed
against those properties failing to pay such garbage
collection Eees, all in accordance with Louisiana Law.

.- . BE IT FURTHER. ORDAINED that the Administration of St.
"--;Mary~-Parishuis.’a;uthcrized to- negotiate- and: execute. suchu. |, Lt
’ ks Districts ‘and:to file-liens as may

~'cohtracts’with Waterwor '
-be® acthaorized by law. .o - _
This -ordinance . having beern offered.-and- read on. this: the 24th
. . day of Februarys ]..993;_._'_hayj:ng.,beeq.:ppplished- in dccorddnce ’
“Wwith' laws d"-having been hearing. in &;pubkic. h&aring held
S ¢lin,” Louisiara. on-the’ 14th-day-of April;-1993 3 Was
.y adopted by thg'_followfng',_thé.on'_-th lath'day of ApLil; *

© . AYES:.H. A: Louviere, Robért. Ayres, William-Cefa
S pr. .Tim Tregle; Steve Bierhorst-and Hedry

16;: ° .-
stackler

ﬁm_:_ T..j.'c;ﬁel Metz, "_Sco‘i‘:t'lieimseyt'and;"ﬁlbert f-E“dli_l_C I

. a ABSEI\_IT Paul Naguin and Larry Besse. I
ALBERT FOULCARD, HAIRMAN

ST. MARY PARISH COUNCIL

itted to the President of St. Mary
day of April, 1993 at the hour ot 34 Tpm-

This Ordinance was
Parish on this the

APPROVED:

ST. MARY PARISH

to the Clerk of the Council on

i . This Ordinange was returned
1993 at the hour of #.4apm-.

this the | day of April,
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ORDINANCE NO. 1216 , ’i

(. An Ordinance amending and reenacting S
3 Crdinance No. 1132 of the Parish of -

5t. Mary, State of Louisiana to prohibit

the disposal of whole tires at the Harold-

J. "Babe" Landry Sclid Waste Facility.

and/or the West End Transfer Station;

reguiring that same be shredded or cut in

half before disposal; and provide penalties

for viclation of same.

SECTION 1. . !

Il

Section 2 of Ordinance No. 1132 of st. Mary Parish is :
hereby amended to read as follows:

. -~ Any person,, firm, corporation or other entlty desiring Lo
"-to dispese of tires or parts of “tifes at any solid” wast--‘“‘-”

~ facility owned-or. operated by the: Parish of St. Mary,.shall .
be.subject. to the following charges, to be paid prior.\

such dlsposal

th” regulations oF" the st.. Mary Paxish Sl
Waste ‘facility, ‘the: cdst “of disposal ‘shall
the Hormal tipping fee’ of $19.00%per ton,
: same may be amended from time ‘to time. -

l:"accordance with regulations “of the. St “Magy
" parid$h’ Solid Waste. faczl;ty, the;cost of i "
cutting,‘shreddlng, and dlspOSal-s all be .

. _Tlre Description . _' ' Tlpplng Fee o
Auto & Light Tk B h'if'$'*' J ‘each
(Less than 17 inch rim) .
‘Large Truck $ 6.00 each
(Greater than 16.5 inch rim)

{Includes front tractor tire)

Oversize Tires

Farm Tractor Tires $ 20.00 each
Small Aircraft Tires $ 20.00 each
{Less than 1& inch rim)

Large Aircraft Tizes $ 25.00 each

(Greater than and egual to
16 inch rim)

Heavy Equipment/Industrial Tires  $200.00 each
: {or Do Not Accept)

e e . e — . - e . ET e m e — .



LDEQ-EDMS Document 36293850, Page 269 of 476

o’

SECTION 2 i
f N . - T
‘ ¥ :
. All ordinances or parts of ordinances in conflict . :
- herewith are hersby repealed. - :

This ordinance having been offered and read con this 9th day
of June, 1993; having been published in accordance with law;
and having been heard in a public hearing held at Franklin,
Louisiana on the l4th day of July, 1993; was adopted by the
following vote on the 1l4th day of July, 1993.

AYES: Lionel Metz, Paul Naquin, H. A. Loudiere, Scott
Ramsey, Robert Avres, Dr. Tim Treqle, Larry Besse,
Steve Bierhorst and Albert Foulcard.

NAYS: None.

LAV

ERLYOW PUSATERJ:, CLERK
MARY PARISH COUNCIL nT

&B

%.5 Ordlnance was, submltted tc the President of st Mary 5
Par:Lsh on this tha 18th day of July, 1393 at the’ Hour* ofé)’ @ f’

APPROVED:

ORAY F.~ RCGERSY, PRESIDENT
ST. Y PARISH

This Ordlnanc:e was retur:ned to the Clerk of the Council on
this the |{79 day of July, 1993 at the hour of ag}[apm
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Exhibit 23

@ Airspace and Borrow Soil Adequacy Volume Calculations
and GS-GCL & GCL Equivalency Calculations
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Airspace and Borrow Soil Adequacy Volume Calculations
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GS-GCL & GCL Equivalency
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TECENICAL EQUIVALENCY OF GUNDSEAL

| 70 COMPACTED (LAY Iz
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L ?c:emal Equivalency Issuss For M@ﬂ: Liness (GCLs
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: C—xmdSeal 1s.used a.u eﬁ‘ecnve and-co

GSE GUWSE&L Pz RGDUCT OVERVIEW

The GmdSeaJ GCL is the most hvdrauhca_ly advanced hnm, product avmlable, over
1,060 times less permeable than comventional fabric encased GCLs. The product -

combines a 12 mil to 80 mil (0.3 mm to 2.0 mm) HDFE ‘ceomembrane with -the

. swelling and sealing ahility of high grade sodium bentonite. The bentonite is anached

to the geomembrane using 4 non-toxic non-polluting adhesive. Together, this double
bamer system acts as a seif sealmc composm: liner.

jownward, i copiatt with subgradé soils, ‘or with, the Seomembrang Side
with sapaa:e overlyn.v seofnembrane. The ceomembra}g}backm

- Cwan the techmml natnre of the product, spemal demgn consﬁerauons must be
_ mcor“omed into ezch product application with GumdSeal Eaeepnonal perfo:m;na-

makes the GundSeal GCL ideal for landfill Eners/caps, solid/liquid contaimment

) ‘-1mppunc:ments, secondary ¢éontainment, and many other non-exposed Ener or cap
+ projects. Compatibility of the bentomite coating with the project leachate must be

evaluared for each appﬁcaﬁon.

General beneﬁts of the GundS&l GCL incinde:
¢ GundSeal is smzply unrolled, o heavy equipment needed.

| -0 Muchlesspermeableﬂwncom;actedc]ayhnersorfabncenmsedGCLs. .
"0 ‘True “intimate_contact exists between the bentomite and ovm'lym,:/underl*vmc

ceomembranes )

savmgs and reduced construction Costs.

-.l",‘-f'(} Can be nsed 25 2 one product comiposite liner (geomcmbrane!clay)
"‘0 ‘GrmdSeal is not afr'ected by ﬁ-eeza’thaw cycles and wetx’dry cycies fn companson '

n - ‘
1, .

1o compacted clay.

0 Thé geomembrane Béck:nv of GundS&ﬂ eﬁectwely msB bentomte desmcanon

CIaCkJIL,: g and root penemmon.

! St efﬁczent replac..ment for: con:mactea. clav
" Fiérs (CCLs) and has the hvd:auhc equxvalenc= of riiore than. thée fea (O S'tn) of
- compactad clay. :The prodict. can be mstaﬂed Wrti; either the, bemom SIde facmcr ‘
S TD
j ‘of GundSedi'can. .t

= eithér be smocth surfaced or - extured, depenchnc on proje"t slopes a.nd stabm‘y

:‘Ircqmn‘ish '._'":__; -’; ’_'_. B

0 Can be installed © repIaC° compacted clay reqzm'ements resultmgm air 5pac¢‘

My 001217
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GSE GamSm PRODUCTAPPHCAHQNS

. * The GundSeal GCL can be manufactired with a geomembrane backing ran_o:cr:lcr from B .
' ' ijmto‘70mm(12mﬂt080m1) smooth or textured HDPE. T The material is o
suitable for most environmental fining projects, inclnding landfill botom Lners or
caps, sohdthmd waste impoundments, secondary containment, and many cther acn-
sxposed applications. Given the various seomembrane manufacturing OpHoDs,
GundSeal products and applications are.generally divided into three general product
- categaries ncluding (1) replacement. for a compacted clay Liner (CCL) on gently
sloping applications. (2) replacement for 2. CCL on steep slopizg apphcanous, (3)
'_ utrh]z.d as a one pmduct composite (geom:mbranefc]av) hiner. _

) e v

“:-—:-,Rzpmm*r sor A CCLi GU\EDSEAL 03705 v {1..;28- 3L} HD SMOOTH |
GEOWEMBRA)E.GenﬂVsIopm,anphcanons,typlcaﬁvlessthan11° LT R

SN SARISR AN

Ap‘&caizan._ Revlacaznent fcr all or part of a compacted c}ay_lmer (CCJ;Q

- "'_'_esaccuec:Lonly (Fi‘;'
_;gomembranefclav apphcanons, deplcyed benzomte &de u':i_’wm 2 _sepm
"'ove:rhmc' veomembrane, typzcaﬂy 1.5/'7 0 mm smootb (F.2 _
Prod.zz:r Ca:zszdemiw : Enmeenn_ pre:arancv and- design ceomem]:ra..e' _
- -equzrements dﬁmnuate ceomembmna bacmo' selecucn.

_ Flg I.' GlmdSeal deployed HDPE oeomembrane sxde up (bentomte s:de
SR down)asarepiacemmtforaCCL o

. mmm- fﬂllﬁ."f: A
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GUNDSEAL PRCODU cz'AfPucaﬁows

.‘ ) PAGE TWO

hsz‘iz..aiw:.. Deiﬁmed bv 113&"

ety

"aGCl

--Altema;elv in cnmpocne herfcap apphcanons, ceployed bemtonite side'np with
‘a separaie overlying texnmed geomembrane (typically 1.5/2.0" mm' textored).
Typical installation. for designs- that emcase - bentomit ‘between  two
. geomembranes, keepm g the bentonite dry for long werm slope stabifity. ‘Ts
' design effectively increases applications w slopes up to 26° under h1gh normai .
loads, such asm bottam compomte lmer SySterns (Fx.c 3

A beutomte sude down, yhen @_@_aemm'mmdm
saly . cn sloges up w 1 ° under Icw normal‘lcads

‘ ) \ Fifr 3. CundSeal 0 75 ™M I-ID Teztm‘ed ceomembxane backmc, deployed
BRI beptonite side up Wlthanoveﬂymcl-ﬂDWhlte surfaced o R
‘ . cecmembrane. o - , T T
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Ry

| GUNDSEALPRODUCT APPLICATIONS.
". o PAGE TEREE ' '

3. ONE PRODUCT COMPCSTIE LINER: GuUNDSEAL 15720 MM (60/80 MIL)
7 SOGTE/TEXTURED HDPE GEOMEMBRANE BACKING. Flar or sloping composite
Tinerfcap applications typically less than 18°. - o -
Application: One. product composite liner. GumdSeal geomembrane and
bentomite layer replace a composite Ener/cap design, including all or part of the -
CCL. Product is manufactured with the specified geomembrane.

- Instailation: Deployed by jtself, bentonite side down ‘against the subgrade soil.
.l . Seams are simply overiapped. for effective sealing. Addifonal option.of .
i ina . emonie free geomembrane edges for welding the ‘seomembrese seams .,

R e T R e e
ig. 4 GnndSeal,_lj_mmHDTemedgeomembrane backing de]
. s a one product composite (gecmembrane/clay) botom Hnet. "

’ . . o _.
MM COaLE/TY ¢ -
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GSE GUNBSM FERFOMC”B

. c;unciseaz® is the mﬂy ceesymheuc clay Hner (GCL) that provides the high swelling
' andseahn,potanﬁalofbenwmteclayzndthelowwrmmblhtyofavecmembmne. :
' GundSeal consists of oné pound per square foot of hish quality sodium bentonite
adhered to a polyethylene geomembrane. This composite design lets the installer
converdently Toll out a blanket of clay, competitively replacing or sapplemenhnw
-compa.ctedclaytharlsreqmedforhnmandcapsystems The " standard
geomembrane backings for GundSeal are 20 mil (0.5 mm) smeoth HDPE and 30 mil
(0.75 mm) texmred. - However, thebachnomranoeuprOst(ZOm)m' e
ﬂ::ckn&ssandcanbetexnred for improved slope stability. The rolls are 17.5 fest (53 - .. - . =
. 1) wide and vary in length from 150 feet to 200 feet f45 mto 60 :n) An Cundvem LR -
mﬂswezgh appmmmately4,2001b (1,9001:,} : _ Lk e e T

R PERMEABIIJTY

_.,sweﬂmc and ' sealing of sodinm bentomte with " g essenti.aﬂy 1mpe:mﬁzble L
i geamtiembrane, this forms a composie Ener systemwhlch surpasses conventional frer
" l: systems:developed with either compacted clay or ' fabric. encased GCLs.: Wiha: s

“permiéability of less thzn 4% IO‘” mfsec, GrndSeal is more than 1000 timm ms e

landﬁll Hner and cap systems.
' comoszm ACTIGN

The fact that thf:re isno ceotexu"le covering the bentonite to prevent mumate com:act

with the overlying .geomembrane aflows the bentonite and upper geomembrane o

~ have the kind. of intimate contactunavaﬂablemthe:ﬁ:ercompacteddaysorfabnc. o
encased ceosynr.heuc clay finers, enabhnc constmcnau of 1daa1 compos:te Ener-'_ o

-systems.
M

Themumatecontact oqundSeal aﬂowsthes&ms o be srmply over]appedwrﬂ: o
conﬁdeucethatmtegntyofpﬁmeabihtywﬂbemmtmned. GundSmlcanalsobe D
placed bentonite side down, either overlapped as shown or ¢xtrusion welded, making
it the most versatile GCL on the market. For bentonite side down apphcanons, a tbm .
fabnccoannwcanbeadheredtothebentomtefacadmmcmanufacumwﬁdmm :

. Asweﬂasszmpleoverlappedsams,meswmsbetweenﬁundS@lpane]smalsobe.""'.-'
. Weldedmahn GundSealaoneproductcomposnehner ' , S

.'w. K .
‘ \\I‘ v . i
Y ;-j oo

[
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SHEARSTRENGTH = -

When GundSeal is installed with the geomembrane facing downward and an -
. overlying geomembrane covering the bentonite, the dry shear strength of the bentonite
- may be used in slope stability analyses. Tést results have indicated tha the excellent
composite action developed between the overlym,, g geomiembrane and the bentonite.
prokibits the bentonite from becoming hydrated. In addition, the geomembrane
- . backing of GundSeal prevents the bentonite from “sucking 1p” moisture from the - .
.. subgrade seils as eccars with fabric encased GCLs. Therefore, the Gy shear stfengdl |
KOO mthsbenmmtemﬁmdswmbeuﬁbzedfmdmgnpmpcses S Tl

LT _EASEOFINSTALIAITON

wpofmoutstandmcengmeennacharactensncs,aacﬁ:erpnmryadvama,_ the :

1dSeal geosynthetic clay Hner is that wrth its geomembrane backing, it is.easyto;

”‘"GundSeaI can -be dragged “or’ puﬂed Jinto’ positon” withont ‘any-fear- of.

:'dlslodgnc the bentonite.  For deployment ‘of GundSeal’ bemtonits. side; down, - the{

maieml is onrolled into. posmcn asing a spreader bar and ﬁ-ont end loader _smn]ar 0.
_ _msmﬂaucnofveomembmn&e o . ) ‘

2 ————

. m&mm sozzmcowmvmonr
. Geosynthenc Clay I.mers (GCI.s) ate Im:form, ihs:ory produced bIankets of bentomte RS R et
claywhcha:edeployedmthoutheavyeqmpmemandusedtoreplaceorsnpplement N o
- traditonal compacted clay liners (CCLs).- GCLs are uot affected by many of the

- difficulies assoczatedwnhcamnactznaaclayhner They are deployed dry and are, -

- therefore, not ruined by desiccation. In service as soil liners, they have lower
permeability than comapacted clay, are not damaged by fresze/thaw ar wet/dry cyc]es, S
-and confoxm to d:ﬁ"erenual setrlementmm ﬂe:u'bﬂny and seif hme, .

. Tn addition to many performance advantages, geosynthenc clay ]mers pmwdeowners,. B
. - operatm&andmmpahuscmmdmbleeconomcadvanmgammugamstsamgs o

L 'ADDITTONAL BENEMS GFTHEGSE GUNDSE&L GCZ

¢ ‘Product is snrq:ly um'olled, 10 addmonal heavy eqmpmeut needed. '

¢ Conﬁnedbentonnehasmuchlowerpmmmb:htythancompactedclay ' .
¢ Unfike compacted clay, swelling wpabﬂuy prcmdw troe mnmate contact fur_-*
 composite nerfcap systems. e

0 GundSeahsIessaﬁ’ecﬁdbyﬁeeée/thawcyd&sﬁ:ancompactedc]ayﬁuers o
C e .- 0 Given the geomembrane ‘backing, GundSeal 13 not suscepﬁble 0 dwccanon‘ .
.\} - . _crachncormotpenemon. R . o - .
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| Q--::Wharapphcanons are Saimble For GnndSa!l?

TYPICAL L QUESTIONS AND ANSWERS |
GSE GUNDS_AL® GEGSYNTE.’EIT C Cmm

Q. Whatis GtmdSeml‘?

A GundSeal is a bentonite clay/polyethylene g veomembrane composite Tiner for ome

step deployment as a replacement for all or part of a compacted clay liner (CCL).
Theprodnctcombmes a Jow permesbility 12 mil © 80 mil (0.3 mm'to 2.0 mm)

polyethylene g ceomembrane with 1 Ib/sq ft (4.9 kgfeq m) loading of high grade -

sodinm bentonite using 2 nen-toxic non polluting adhesive. Together, they act as
2 Tow Fermeabmty =e]f sealing imer

Q ch is GundSeml different from oﬂ:er GCLs? .

eomembnme “supported GCL attaches the bentomte directly 10
‘tsmg a non-toxic -adhesive: “Other GCLs; 12 '
encapsu]aie the benton:rte between oeotzxnles

“The ‘GumdSeal GCL can be used for most Waste' contmment aDp

Q. How are . GundSeéal rolls packaged and handled"r‘

200 ft (45 m to 60 m) long, dependantupcnthe ceomembrane backing thickpess,

 fér'a beotonite based material as a repizcement | for all or patof @ comacted day.
“-figer (CCL).. This inclodes landfll Eners: and caps, secondary contammsnt,_j,"_
”“f;z:rpormdments and Iagoons: GundSaI should fgtbe_fised for exposed"
'3’"apnncanons g;wen ﬂ:at the bentonite :eqm:s a conﬁnmc' prassm‘e perform B

i A- By definition, a ‘gecsynthetic clay, limer 18 deﬁned as a fac:ary mannfacnn'ed L
-':’~'oecsynﬂ1et1c ‘hydranlic barder conasun;_, of “¢lay* sapporied by ceosymheuc R .
suchasceomembraneseraeotexnles medSeaL.referredtoas__ ’

A TheGmdSealroHsaretyp1¢aﬂy173ﬂ:(53m}w1deandapp:ommataly150ﬁto -

" and. approximately 4200 Ib. (1900 kg). Themamalmmﬂedonconnnuous o
wdboardccr&sandprotectedwrﬂ:ancnterwmpof}mPEceomembraneand Co
ﬁnaﬂystratchwrappedmthwsqmne 'Therol]sarahandledwxﬁzleadmbstraps

supphed w1th each 1'011

Q) Howmmematznalmsmﬂed" S ' ' .
S A GundSeal is smplyunmﬁedmplacemmﬂartomstaﬂmcroﬂsopret Thero]]s' :
-aze typically deployed with the bentonite side up, liner side down, with a separate |
overlym,geomembraneasareplacementforaﬂorpartofacm Aliemnately, the

mamal can be deployed <with the bentonite facing down, geomembrane szde up,

as a 6ne product composme (geomembrane!clay) ]mer

' material ‘The Iengﬂa'w:se seams are typically overlapped 2 mmmm 6_'i51'c1}$' ('150". N . L '

n:u:u) and the WldﬂlWISB seams are overlapped 1fi (300 mm)
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Q. Whatis difference between sodiom bentonite and calcium bentonite?
A Bentonite is 2 montmorillonite-clay formed from altered volcanic ash originally

deposited in prehzstonc marine environments. Scdium bentonite Was formedima -

salt water marine environment and calcium bentonite formed in a fresh water

- environment. Bentomtelsmquemthanthasﬂaeabﬂitytoabserbwaterand -
e*panduptolﬁnmesmGngmalwezg}nforscdzmnbenmmteand approximately s R
- 3 times its original weidht for calcium bentonits. With this absorption of water T

- 4nd expansion, the resalt is 2 ma:ked decrease in clay hydrenlic conductivity Weﬂ '

below thal of typlcal clays

gx moreﬁ:.an 100 DOOumeslmsthan'a'yﬁcal compacted clay

Q. W’hat is d:.e diffarence m hyd:anhc'condncnmy compared to fabric GCLs
Thepexmeabﬂlty ‘of typical fabric- encased GCLs is' that of ‘the: bentomne et
‘approximately 5 x 107" miec- Given that the conistracHesof Grnds pdesa
" geomembrage carrier geosyntbedc, this decreases the prodict perm ability to less
than 4 x 10°% mysec. Therefore, the GumdSeal GCL is more tham I,’OGOﬁ.’mes less
permﬁbleﬂ:\anﬂaefabncencasedGCI.s - T

Q. WhaikmdofoeomﬁmbraneScanGmdSenlbemadBWﬂV
A. GmdSeal is typically manufactured with a HOPE ceomembmne rangjn

mcknmﬁomlzmﬂ(os«mm)upwsoma.smm) Theceomembrdnecanbe
mthersmooﬂlsmfacedortexnnedsurfacedependmcuponprqectslopesand

o o stabﬂrty:eqmements. .
x S Q CanGundSealbeusedtoreplaceacompomtehner(geomembrmelCCL)V ‘
7 A Yes. ThebentomteclzycompouentoqundSealwnbeusedtorep]aceaﬂorpart_.l
ofaCCLandtheceommbranebac}gnvoqundS@alcanbesubsnmtedforthe _

reqmmdceomembrane.

Q Home:mdSealaﬁectedbywet—drycyclacr&eeze—daachcles? S o

A Unaffected. ~Extensive research has demonstrated that high prity. sodmmf"__: SN
btcmte,amsusedmﬁzeGundS@lGCL,mmaﬁectedbywet-dryandﬁ-eezel;. o
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Q CanGtmdSeal pane]s be welded toceﬁzerlﬂ:a typlcal ceomf:mbmnes? B
A. Yes. . For applications that require the g ceormembrane backing of GundSeal to be
'welded,suchaswhenmsusedasacompos:tehnﬁ,theGnndSeﬁlcreomembrane_
backmgsmnbewe]dedtocrezheratmms The material is manufactored with -
'protecnveedgetapeWhlchkeepsb-tomteﬁ'cmbemvaﬁachedtoﬂzelencmmse ' :
e@m,msmpemmmovedafmrmsmﬂanonandjustpmrtoweldmcwhmh- —
-qmacleanedaveforfuaonoremuaonweldmc To replace the bentonite at - L :
_--_'._.theseamarea,aGundSmlswmsmpmpomucnedunder' : saamwh:chensures*_':

GiindSeal::” Addmonany,' _whe.n Gimds
sep'ara:e overlying geomempbrane, 1 thxs demgn effectivel :
coating - between two ceomembranes Whlch gwes the grate'st

) :-IsGundS@lcompzﬁb
A. No. The compatibility of ﬂm bentomse coat
' waste' stream must be evalnated for’ each apphcanon. " Soditm beritonite is
compatible with many chemicals and compounds. However, the swelling and- - ;- -
permeabiiity of sodimm bentonite is negatively affected in the presence. of Bquids .« -
.- containing concentrated salts (Such as brines),. concentrated organic "solutions - . -
(such as hydrocarbons), divalent cation concentrations (such as Ca"" aud M;‘") o
o andstmnvaclds(pHd)orbases (pH>11) ' :

Q. CanGundSeaI beusedmapp]mnons th hqmdsﬁ:atpresent,pmblems for o
" bentonite: compatibﬁlty" : S
A Project specific.’ Ifthebentomta mpre—hydraned ‘with typmlwa.terpnor to‘_'-. '
*exposure 1o the ‘harsh Bquids, the bentonite may do well and perform Ion, term.
-However, ﬂ:as mnst be evaluated on apro;ect spec:xﬁc bass ' A N

PO
B
L@
B
o
&
E

%?
?Z
g
1
=
E
.%
F:

: 'Yes.-.GmdSalmavaﬂablewzﬂ:aconmnﬁnantresistambentonitefurappﬁ@ﬁgns;{' S
" which fequire a bentonits with ‘a compatibili tymfh"haxsﬁer]iqxidsorleachates:{j;_- Lo
T ‘TbﬁbentomtecontentoqundSalcanalsobemcreaseduptoaloadincofaboutz
’-‘2mlsqﬁ(98kg/sqm) L L
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. . IE CHMCALPERFOREM‘JCESUW&RY‘
GSE GWDSJ_AL GEOMEMBRANE SUPPORTED GCL

The GundSeal g ceomembrane supported geosynihetic ciay hner (GS-GCL) was ﬁIst
mannfacuned and mu‘odhced into the environroental market in 1990, The product
manufactring  process and ovérview of applications are given by Erickson &
Anderson (1994) and Pape & Erickson (1995). The finished product consists of .
'approxz_mgzelytl-QL!m (1.0'To/5) cf bentonite aitached t0 2 geomembrage nsinga - R
nop-tic water based adhesive (Fig. 1), A thin 075 oz!yd" spun~bcund geotexile is L
atiached o the. bentonite surface, 10 Srovide additional protection to the bentnite and |

nhAncs: nstallation : of the product. Dependmc;tpoﬁ'tbﬁ_anp, :
’ eomemb“ane backing can mdude &' Sthooth of S
(15,70 10 2.0, :

&% -v‘n... e
..n’_' o

Tio. 1 Widing andpackagm.,,ofﬁleﬁmsbedGundS&lmﬂs

AsmﬂlfabncencasedGCL&ﬁmprodnctcanbeunlzedmbottomhnerandwp
-apphmuons as 4 replacement for compacted clay Liners (CCLs). When ntiized in
composite ‘bottom liner or cap applications ; (geomembrane/GCL), the GS-GCL is.
“typically depk ' geomembrane: side dowr, bentonite sidé ‘up, ‘with 2 separae - -
“overlying geomembrane (Fig. 2)- A.‘rcemaxely,ﬁne GS-GCL can be deployed bentemite . .
‘gde down, g ceomembrane side up, when mduameprommmp]zcementfchCls o

in cap - applications requiring only 2 CCL, (Fig.3).

Gwmtheveomembmnebachn: ofthepmduct,thepe:f advanta.gesofﬁw_e
o '-GS-C-CLmccmpanscntoCCLsandfabncencasedGCLsared&smbedmﬂle
. A faHowmfr sections.’ A LT
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T
S

T

R Ecr.B TheG:mdSezlGS—GCLmstledasareplacementforaCCLma o

- LoWER PERMEABILITY AND meszmoseam*GmSmGS—GCL BRI

S Vuththecarnersvnmetzcbem_aceomembrane,hqmdﬂmth:ou_hmeG&G&m, S

: T donuoﬂedbywwvapordﬁuaontbmug’nthe

- - . aneffective permeability <4'% 10 mysec and provides ‘e lowest

permmbl'hty and . e

resxstance io ﬂov- of any bentom’ae or clay ‘pased product avaﬂabie o the . ‘

T haz.ardostastelandﬁIiCIosm‘e y S LT

frmm:mm:x:|b1'emabac:km= This detives .- . : -

. A .
Cey .
- .
L
r . . ..
.-
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When compared © faonc encased GCLs, or bentonrte aloue, ‘with typical

ity <5 x 10" misec (Koerner & Daniel, 1995), the GS-GCL derives orders

- ;ofmagnrmde(loﬂﬂnmes)hﬁshyd:anhcﬂuxﬂ:mughmeGCL ‘The' supericr

, 'rmstancemﬂowandlakagethmughtheGS-GCLhasbeendemonsuﬁedby‘
'.Estcmeﬂ&Damel (1993)denckson etal.(l994) ,

_ Ef:r::mr COMFOSITE AC’HGNAND &AMMGRJH ~ -
: As “there 4Te 1O fmck ceotexnles covering o fHié bentomte surface of'thEGﬁSﬁL‘to .
te_rfere ‘with the sealing ability “of the’ bentomte\ di L

veen- een- the béntonite, and weriymg z_md mdeﬂym,_. a_';_.,_ ¥
' cr‘mp'apphcauons,_ﬂm" 'umate gontactmul:s in the. mos effecuve comp' ite

_'_a.cuon md sealing avaﬂable. Setwe

in'regardto sealing 2t sear :
‘Seams ‘&re.. snnply owaﬂapwd,wlﬁ: no addlncnal ben_. :
aéoinexi;bran&s required. “The . simple overiapped | 'GS-GCL seams, then
pt eﬁy’,’ have proven to eﬁ’ecuvely seal all fliow due to the eﬁacﬁve comcsrte;acuon
“"Between the bentomte and creoznembranas (Estomeﬂ &.Damel, 1993 and GeoSyn Lo

*."-‘."3'_:“'_.”--1992) R R
L RSSISTANCETORGOTMHONMD:;SICCAHON
Compamed soilhners and fabric encas\.dGCLsungzedm cap apphmnons W1thout
adequatBoveﬂymcrpmtecnon have been found to be sensitive to desiccation cracking -
and shrinkage. Upwardwatert:ansportandplantmotwateruptakemmsethe
. mevm’blefmmaucnofcracksmthebentomteorc]ayhnermulunumpotanuzlﬂow )
. paﬂ:sthmngh the clay liners (Melchoir, 1997).. Prote¢tive geomembranes placed over
clayhnersandfabncencasedGClscanactaseﬁecuvebamersmmmmathe
.potenﬂalforasscaaiedpenetrancnsandcracbn,mCCI..orGCL O
o o Whenunhzedasareplacementforcompactedc]aycapa:ppﬁmn
R "-.-_fdeployedceomembranesdenpmﬁﬂzeoveﬂymcsoilccva :
- geomembrane (Fig: 2). The ceomembranebamerofﬂ:eGS-GCLoﬁ'ersamble .
_ bame:rbetv,w:e:nthﬁo\f*erlyu:l,cz:rve:rsoilandunde:ﬂymcrbentonmewhereby':nini::ﬁza'::u o
' ﬂle_pqtennalforbenmtedwccanonandrcotpenetranon&moughtheGCL '

VAPOR BARRERAND PERFOMCE ON SLOPES

Whenvﬁhzedmacomposrtebottomhnerorcapapphmon,theGS-GCLm Lo
' byedbenwmteszdeup,geomembraneszdeagmstthesubgade,mﬁ!a@m §
.-'gvezlymgaeomembrane(ﬁgZ) ) T

W GaGENIY
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The bentonite coating is utilized to replace all ar part of the compacted clay layer

and the mderlying geomembrane backing effectively fimctions as a vapor bamer '
'~ between the mnderlying subgrade and the bentonite. '

This mnstallation effectively sandwiches the bentonite between wo ceomembrane .
layers with the dry bentonite in direct intimate contactwnhﬂ:euppera;:d_lower
- geomembranes. Forauypotennalbreachthroughtheupperorlowermemb:ms the . :
dry bentonite is positioned to hydrate and expand both harizontally and vertically to ‘ o
sealagmnstpctanﬁall&kageﬂ:rmghﬂlecomposnehnerormpsystem . R o
B rorre]azrvelyﬂatlymaapphcancns thestandardweombra_nebackmoofﬁze'
"‘”GundSeal GS-GCL is-typically 0.4 mm’ (15 i), bttt may b= vaned :accommodare-"
site! s;.emﬁc conditions and demgn ‘consideratictis. . i}
/Given the low shear strengthof hiydrated bentonne one. ofthe pnmarytoncams mf,
nsmaGCLsm conmmmentapphmmszsthestabihtyoftthacnslop&é;: he
fﬂze*GS—GCL:sdeployedwrthasspmteoveﬂymv geomembrane on slopes; tﬁ._d;-
‘Shear Strength propéities of the bentonite mybeusedfcrdwgnpm'poses “THis triple:
cimposite Hner (gedmembrane/clay/geomembrane) configuration seals’ the bentomite:
‘from moisture from both above anid below and presents:the greatest assarance of long - .-
term- performance an slopes To maximize friction reszstance betwesn the. adjacent o
o 105 Y ayers) the standard ‘geomembrane backing of . the GS-GCL. for slcpmD anohmons- T
. o © inclndesa 0.7:) mm(30 mﬂ) twWo su‘led textmred geomembrane T T e

bt
b
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"‘-'*." U mml ﬁlcuﬂn Qf 8° S 1 was Leotisd
. _"coheacn ofO angle ormtemalfrzcuon of 17° degrees e t:‘r“ntamed.' A

DEIEE&MENAJ‘ION OF SEEAR STHNGTH PROPER’IEES
GZ?NDSM Gzosmmc Cmyz,m

-With the advent of various o-aosyntheuc clay liners on the env:mnmental mame’r, some

confusion has developed among consuliing engineers and state and federal regulators
as to what shear strength should be utilized, in design purpdses, for the geosynthetic
clay Hners: This confusion arises overdatapresemedbyﬂ:e vancusmanuzacmrem
ﬂ:a:mdlcateasmﬁerofshearstmncﬂ:results '

GS“emba:kedonaresaarchprogeawdemnewhchsbearsmmgd:pmpan&qof :

e ti'ze ‘bentonite porticn of its: geosynthetic clay liner; GundSeal, skould be used by the -
dwg‘,n ‘cOmmmity. Tl'ns tesearch has béen performed by Dr: David EDame .i:‘._of

I—Towever Whem the IOW

Dmncthsumapencdtbattheshmmcﬁamwetebancperfmdmﬂae

raz:eof() 0003 mmper mute and axnormal str&eses rangma E‘om 63 psito 20‘1 ps1.-'_“'f_"
Ihe fmlnre envelnpe ﬁzrough ths pomts was detmmned bya lman' reg;&es:gon

. varions' GCLs, another graduate smdent at the University of Texas at Austin, Panla -

Estornell, was working on her master’s thesis entiled *Bench Scale Hydranlic

- Conductivity. Tests of Bentonitic Blanket Materials For Liner and Cover Systems.” "
..~ Sh¢ and Dr, Daniel then presented these results in the Geotechnical Journal (Estornell -
- 21992) The GmdSeal results indicated that, when the GundSeal was placed with the
_geomembranebacbncrfacmodownwardandadefecuveveomembranep}aceonwpof
" the bentonite portion of the GundSeal, intimate comtact developed between the
.'defecuvegeomembraneandﬁlebentomw This inifmate contact prevented -the '
~‘bentonite from becoming wet. Therefore, in situations where the GundSeal is placed o

mththececmembranemdedownand:scoveredbyanoﬂ:ergeomemhmne,

L L

. "'appmredﬂ:atﬂiedryshw strength of the: bentamte should’ beuﬁkzedfm‘deszgﬂ,-. k
o 'fpurposasbytheenmmmm% | | L

_Shwsu'encthmts Wereperfcrmed by Dr. Daniel a.ndhls graduazestudeuts aIvanous
. -normal cads ¢n the dry bentonite (Daniel and Shan 1992). These tess were -
' peﬁomedmnﬂzﬂymthemswonthehydm:edbenmmteandabestﬁtﬁnedevebped” B
S nbyhnwmgresmonandymswasdevebped.ﬁeanaleofmmalﬂ:cummpmon BRI
' ﬁBbmtﬁtanaIySszaSZTforthsdrybenmte LT RS

| icsasrize -
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GUNDSEAL SHEAR S@YGEH»SM: |

{.; PAGE TWO '

Ome of the characteristics noted for the fsitme envelopes for both the hydrated

bentonite and the dry bentonite is that the faifure envelopes were hyperbofic in nataré.

Tn other words, at lower normal stresses, there appears to be 2 higher angle of internal

friction. Since in landfill cap situations, the normal stTesses will be much lower than

those generated on 2 Liner system, Dr. Deniel developed failore curves for both:

hydraied (Deniel Nov. 1992) and the dry bentcaite (Daiel June 1993) at low normal _. .

msm.Thesemsﬂsmdicamﬁ:aishemmgﬁ: fr the hydrated bentonite will vary T

 from & low of 10° &t normal loads of 2,910 psf 02 highof32° atmormalloads of 30 . . o

.54 Bef “Theidry bentonite, when analyzed in the sams w2 indicates shear strength 357 &t .
-+ normél loads of 00 pefandless. LA T A e

" renging from 35 10 40% developed an angle of internal friction of 39°.

' Thérefare, for design purposes of landfills, the following statements can be issaed:
When the GundSeal product is utilized in-a lendfill liner with the geomembrane side
" facing downward and covered by an tpper geomembrane, and angle of ‘ntemal -
. friction of 22° may be utilized for design purposes. In landll cap situations where the
. .GundSeal is fifized for design purposes. In Landfill cap situations where the GundSeal
is wiilized with the geomembrane side facing downward and covered by another -
. geomembrane, the angle of internal friction to be used for design purposes is 35° ..
simations where the GundSeal is tilized in the cap with the bentcnite side facing -

;. downward, the angle of fternal fricticn is dependent Tponl a normal Joad actiog opon, -
" the bentonite, For a cap sitoation where three fest of cover scils is placed on top of the-
' GundSeal and assuming 100 pounds per cubic foot umit weight (for cover soils), a2 . o
_shm:s::engﬂmfzzdwnbeqﬁﬁzedfo:d@gnpmposés._' e
" Ascan be seen from the data presented; there is no single shear strength for bentomite. "o
. . The value 19 use for design purpos&s depends upen the: moistore condition of the
‘béntonite and the, armalloadacunguponﬂzebemomng e R

. " b

: mmscsl',‘_i‘;?{’ﬁ t
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' coLLOD E\MRONMENTALTECHNOLOGIES CO“UiFANY '.

= M_.w-——w—-:- 1 e L e e o]

cc: - Lod Crosson -

MEMO

t0:  SoesMamsgers . DATE: November 11, 1997

-u-~

allow for- altemaﬁve teclmoloo-les if tbey mt federal gﬂ:ormance stanﬂards ancl thax “GCL

= technology is ‘an alternatwe d:at performs at or above smndard federal performance
‘ iglevels mo . R

' “The US EPA agw:ees that GCLS oﬁer advantages over convennonal bottom Imers and covers,

mcludmc ease of mstallauon low hydrauhc conducnvny, _self healmg, and. cost-effecnveness m,-

. ':I'EUIODS where clay is ‘ot readﬂy available.

* The US EPA states that GCLs have good mtemal slope stabﬂlty aﬂd long—term rehabmty and

- arenot affected by freeze/ thaw cycles

e Unformmtely, the Fact Sheet was 20t cm:ulated % the mdustcy for c_émine'nt'befdre beﬁg 1ssued
- Consequently some of the statements axd Gutated:. S B

* ’Ihe Us. E.PA mdlcated fhat there are “po' smndard me:hods for companng GCL products
" Obviously, they were Dot aware. of ASTM Subcomm:ttee D35 04 wlnch has been developmg

L standaxds for GCLS six of Wthh are cm:enﬂy mpnnt

' *The Fact Steet fsts Claymax SOOSP and 506SP whlch ate dlsconﬁm_.‘led, 7'_'as;v.1e11<a:s.‘ﬁeﬁtomat -
i ;"fDN’ ""BenmmatN R T e

N Efoverall the Fact Sheet should be of t:emendous help in galmn“ cred.foﬂlty and acceptance Wlth
- the State Agenc1es ) , .
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Unitad Siztes
Environmental Protection

Agency ~ (5308W)

Sclid Weste
and Emergency Reqponsa

EFAS30-F-87-002
July 1687

Used in

- use’ of compacted da. ;

-_any rips or ho es caused by the.swe![Ing properhes of the bentomte from
swhich they, are made: GCLs dre cost-effective in regions where' clay is‘ot rea
Ay available. A GCL lmer system is not  as thick as'a liner sys‘em Irrvol\nng the
; énabling engineers to construct landﬁils that n'iaxlmizn

capaczty while protectmcr a:ea ground.) water. -

@%@gyﬁﬁﬁ@%@ @@y Lm%%
funici
-Solid W@Si@ Landfills

2 his fact sheet. describes new 'and innovative techriologies and products
3 that meet the performance standards of the Cntena for Mun;cpal Sohd
| Waste Landfills (4C CFR Part 258) .

Geosynnetxc clay-iners GC]..s) repr&ent 3 re!atve!y new technology (devel-

al

rom

Before u.:sng aGcL ina tandfill barriéf system, remember there currenﬁy are”
no standard methods for comparing GCL pfoducts or installation systems. In-
addtion, GCL performance properties, including the abihty of GCL liner systams
o effectively prevent landifill Ieachmg, have not yet been firmly estabhshed

This emeromc techno]ogy is currenﬂy in use. at a number of sites across the
nation. This fact sheet providas information on this technolog/ and presents

case studies of successful applicanons

GCL Technolosy

Matenais

AGCL xsam!amelyd:mlaynrofprocssed

" day (typically bentonite) eifther bonded o2

.. geomembrane or fixed berween two sheets of |

geormxtile A gzomembmne is % polymeric sheet
 raterial diar is mpcmous 1o liquid as long as

" it maineains it integrity. Ageowm.fusawmen_

or nonwoven sheet materizl less i mecmous ™
" liquid than 2 geornembrane, but more resisant

to penetration damage. Both types of GCLs are, .

{lustraced in Figure 1. Although the gverall
ccnﬁgu.mnon of' r.hc GCL a&”ccrs its perfor-

: @ Pnnted on papér that contains at least 20 percent ﬁést:cqnsdmef'ﬁben

' mancccha:ac:msucs, th:pnmzry pcrfur}naﬁca'
. Bactors are clay quality; amounr ofday used pcr
-unit area, and uniformity.

Bentomtc isan exu-emcly absorbent. granu—

la.r clay formed from. yolcanic ash. Bentonite

artracts positively charged water particles;: .

| *thus, mmpldlyhydmrawhmaposedtohq- '
"md,suchaswarerarlmchate Astheday

hydraces it swells, giving it the ability to- el
heal” hoIes in the GCL. In laboratory rests OFl

- bentonite, researchers demonstrared that @

hole up © 75 millimeters in dizmerer will se2l -
irself, allowing the GCL to retin the proper-
usthatmakzuane&'ecmebame:sy‘stﬁm
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oot oo T dobeion -
using 2 geomembrane, the day is

| - affixed using an adhesive. In georextile

car tons, hewever, adhesives,

. Hydraulic Conduciviiy |

GCIf_zcchnology cn proﬁd: barrier-
. systems with low hydraulic conduetivi-
iy (i.c., low permeability), which is the
rate at which 4 liquid passes through a

e e orsild

: PEE
dech

e eS8

el

. the maRm

on

affixed via éﬁtchbélnding,_: pravides

.. additional internal resistnce o shear * 7

"in the day layer. Needlepuriching
yields an even swonget, more rigid bar-
der. In additien, needlepunching

S . : . . marerial. Laboratory tests demonstrate
st:tchf_:ont.il_ng,. needlepunching, ora - thar the hydraulic conduerivity of diy; requires the use of_a noOwoven geotex-
l combmanox? of the \%::::, are used. eniconfined bentonite is approximazely dle on at least one side. These GC'-L
Altiough srirchbonding and , 1 x 10¢ am/sec. When sarirared, how-  configurasions provide enhanced inter-
’ np;dlcpunénmg-crczta small holcs.m ever, the hydraulic conductvity of ben- - face fricdon resistance w the a\.djozmng
: ‘hc'gmmf‘lc_':‘hcx h°1,5 are sealed tonite cypically drops to less than o layer, an imporrant cuns1d::ntion for
. :h:n thcmsmﬂe;igCLsda}’ l:cyziou 1 x10° anfsec. T landfill slopes.-
views of the thres separare approach;'s T%Ic quahty- of the dﬁyu-scd agemdi a béféioirti n;f:g;nﬁatﬁi :;zt ”
to affixing bentonite to 4 geotextile. GCLs hyd:auhcchmc::nsncs Sodium i sedle-
T bentonire, a narurally occurring com- cost of the GCL product. Néedle
o ' pound in a silicare clay forimed fom - punching, in pardicular, adds o 2
) Pmperﬁcs and ' volcanic ash, ,g'iv:s"bcntonitc. i distinee . GCLs cost, because nonwoven georex-
= Characteristics properdes. Additives arc used 0 tles are genctally more expensive than
i chuon o wlcing s o ebylsulcpopedesof g,
" eccive lidfll baer sysrem s -, CAY conaining low amounss of sodium.  Before selecring a final barrier 7%
. hydmﬂ.lcccndmw Before choosing bcntpmg - g R tem, la.ndﬁll operarors should zan::r
. " i barter system, the landfill operator ‘Hydraulic performance also relates - other impormnt pcrforman::ﬁn o
- " should test the technology undes con- to the amount of benronite per urut e, such as free and e o
.“ dération 1 ensure thar i hydsaulic area and jisuniformity. The more bea<  swelling (., whether &ae ;‘“Y i
WP . conducrivity, as well as other character- . ronire used per unit area, the lower the vide 2 uniform barrier) and e

. istics, are appropriats for the pardcular

A

 system’s hydrzulic conductivity. .
. Although the amounc of bentonire per.”

creep, which measures the resistance ©
- barrier def'orma_:'ion,. .. .

le shear™”
“fnaverial G withstaid withodt losing.*
-+, siricrural intégrity). In pardedlar, 4

. geomextile-backed GCL, with beftanite -

R R RS e R _
T T s \ W \\\ R R W
T R A \
e R 0
\\\%\\' \\\‘ i '.‘“'-"A‘\.\ W \\I

: Pl N
=
o \{ \1.;\
S < \} S Y \\\‘} 5
. R LA W N
’ L TR . TR 'ry' i) \hg-\.\m:“w—\ \\\\-\\\
.. P T I . .5, .‘-““h‘ss\w “ ) Ay
Bentonite Sandwiched Between Two Geotextiles ﬁ-ﬁ%&%ﬁt\%ﬁ} 3 “‘;‘k\\
' | S
A Y ey *;ﬂ_}\nﬁﬁ. \\~
% R A AT Tl ot i Enhed
ALY L e RNA L A \

SRt AT ey o Al

E AT

I"l',‘tﬂ:ll!':l‘:r"~';-"t"1

N e
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- _.-'depend on the dégres of effective over-
“burden stress around the GCL dufing,

den sess, the lower the hydraulic con-

ductivity, When comparing two different

bentonite products, both must be sub-
jecwed to the same degree of effecive
averburden stress.

Available GCL
Produt:ts

- Product Types
The 'foﬂowing’r.ypes of GCL products
are currently available: '
8 Geotextle fype: _
— Bentofix® (activared sodium

bentohite as primary ingredient
and affixed by needlepunching -
0 2 Woven of NCHiwovER upper

geotextile and a nonwoven lower’

N . gcoteztile}.-.
. " — Bentomat® (scdium bentonite
— as primary ingredient and affix~

ed by needlepunching td.:{. .

- . testing. The highér che effective overbur-

ESEE R

Clay Needlepunched Tﬁrough
 Upper and Lower Geotextiles o
A Sondlaane — Upper Geotextle
| & LRSI | Nedlepunched
~CEmmipEEE LAY R e Fbes
i - "3?3-.-'1.'. A ey e A Foatrlcd Throughou:
— 2 — Lower Geo;a&tilc
_Woven of NonwWoven upper geo- " of high density polyethylene and
tekrile and a monwoven lower  * < very low density polyethylene). -
o). " Table 1 lists information on yadia-
— Claymzx® (sodium benwoniteas . dons of these product types by manu-

- wazer-soluble adhesive and bond-
ed or stirchbonded to a woven -
upper and lower geotexale). |

o Gec‘:mcmbganc-ty-pc: ‘

. — Gundseal® (sodium benronite 2s
- the pritary ingredient mixed with *
an adhesive and bonded to 2 blend

.

- - erass-section views of these product
configuradons, -
* In general, manufacrurers ship GCL
. producis in rolled sheets ranging from
1310 18 feet wide and. from 100 10200
feer long. GCLs range in thickness from
02t003inches. -
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| Manufacourer & - Upper
N Product Name | Geosynthetic?

< LE S yailllls, L SelN
A Rk T U e A Y

ponwoven . | needlepiinched

P (1525 100) -

—— .
i nonwoven,

: né:d]:pun'chcd.

(152%100)

1
! nonwoven

_ n::dl:puqchéd L

- (152x100)

plogie; Company (CETCO) (Usived

e

U33R12

‘ ';-:nccdkp:inch:d -

Co &
P naue -

L HDPE 2 e

adhered "7

(17.5 x 200)

H d
; uone

| vDPE

j -idhclf_td__-A.

- {17.5.x 200)

4
nonc:

| HDPE/VLDPE |

2&1;;:&&

(17.5 x 200)

Gundseal HD 60

Y S
aons

| HDPE/VIDEE

adhéred. '

(175 x 170)

" Guodseal HD 80 -

d
gonne -

. | HDPE/VLDPE | adhered

P (175%150)

] Ll et Bt I

Gundseadl HD40 | nomne’ - | toxcired HDPE .| adhered

L (17.5 % 200)

 Gundsedl HD 60 | nane’ teccared HDPE ' 'ahered”

a7sE200 N

Gundseal HD 80 | none’

i

texired HDPE . adhered

S (17.532200) .

" 2 Thess propertics vary by pr_oduc':-m& Sgéﬁqdan.

b Nonwaven Iayer is scrim (2 woven, opeg-miesh ::mﬁ:rcmg fabric mg&é from continugus-flamenr yarn) mnforccd.

. € All Gundscal products can be manufacrured in 8-foot widchs and with leachare-resistant bentonite. Producs with -

. backings that are 40 mils or greaier can be manufacrured with VLDPE as the lower geosynthedc material.” -

dcan be manuf:ctmed with. 2 noawoven, 0.7§-ghnéé-pcf-sqﬁaré-y=rd' geotextile 35 the x’ipf:er geosynthetic mmnal-

=mghdamypo1y=:hy1m , IR L
FVeylowdensiypolyediyicne. < o T

S

SRR
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PATERI Tt rhrerpeotriraciater ey
el 51 "i'. N .
_'-vl‘f“:'-r“:l'.fﬂ'.f“:"f“: r: ‘:"”’:l-.p‘- K b N .

A NN NN ¢ -4;_onwovcn

-\Ytz'>

A% .

*‘3,-,\;\\‘\ NS AN S AR A NN R SN R N — .
. e e _Geotexile

GCL hydrates by drawing moisture
A from the soil. As z result, when laying . .
out the GCL, instailers must allow ' T T U T
. .cnbu.gh seam overlap at adjoining Claymax = e

sheeis'to guitd against the povential - - | | ETOOU R T OO K S Woven Géorereile

apening of the barder system. . R S L L T Y A L T LT S
Currently, the recommended amount SODIUM BENTONIIE - leratarad . - e
of searn overlap and other seaming con- MIXED W}TH AN ADHESIVE [#990%%] Sevm 3 ?t:hcs

siderations vary with the pardcular
GCL product. Thus, installers should
follow the manufacturer’s insqucdons
for the pardeular produecr.

GCL manufacrurers, and some pri- o B . S
vate engineering firms, provide.maining Gundseal - I : E T

é——-_Wavcn Geotextle

T Ay

for GCL installers. Amorg other con- i ;-:'::-:.-"-,’.;-,".-_3’--*:-";-":-’:-'.--',"-"'.'"‘."_’:f:-':-"a‘:-"::‘:5‘.'-‘:-"."-'._ inGol
wetu e h

SODIUM BENTONITE

siderations, instructions rypicaily
emphasize techaiques for minimizing
potendal damage to the GCL during
installation. The National Institure for

Polyethylene
Gct;me.mbra:ic

Certification of Engineering :

Technologists in Alexandria, Virginia, : - — . — )

offers 2 cerdfication program in qualiy  peeg oo . ® Market demind

assurance and quality conwrol inspec- - 55 £ 1994, the cost of an irisvalled GCL @ Time of the year- ‘

mon of GCL. installacions. E ranged. from $0.42 o $0.60. per squase - I generdl, GCL b amersystcms ore

fo_ot. Facrors affecring “:hc.c:cst of a GCL especially ebst-effective in areas where
- : o u;c%ude: : 1" dayis not readily available.for use,
. ‘ : » Shipping distance . as aliner marerial . 7

8 Size q{" the job

.
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: . o] "hzd 1 3-foor-thick soﬂ cap R:sz:a:éha‘s’:“ ' izedo F‘ahufe ‘31'3 rm]:suc: compari-
Hydranlic Conductivity ' - collecred infisrmaricd on the soil and "7 ¢ son of tisE:r:nt GCI. produccs.
Availzble dam on the hydraulic con- dzy moisare of the GCL using mtcmﬁ; .
ductivity of various GCL configurz- probes, and they meastned the GCL for Construction and Insallation
- tons are gathered exclusively under pliysical displacement. Results to dare Procedures

laboratory condidons. Dam from
field tests should be collectad ro
esmablish product design values.

Beacing Capacity

A study by che Geosyuchetdc

for allaying some concerns about the Frezze and Thaw Cycles . Potcnu'fzi for Ia.ck of hydr?ﬁon of
bearing capacity of hydrated GCLs, ' Freeze and thaw cycles do not affect bentnice clay in arid regions.
bux more research is needed. The GCLs used in landfill borom liner 8 Puncrurss in the barrier system
study demonstrated char an adequare applicadons becsuse these systems are (reducing che barrier porendal of
layer of cover soil {according ro the installed below the frost line. Limised both the dzy and the geospnthetics). -
product manufacturers’ recommen- labociory dawm indicate thar the as d o b biclogical
dations), placed on GCLs during hydraulic conducdvity of GCLs is not .ys:czx ey chcmsb by 20logic [
installarion, prevents a decrease in affected by freeze and thaw cycles. mrgu €I suc & ug:nmng Lo
liner thickness with the application Laboratory tess performed on 2 an chn;z: roos (p;:m Y aﬂsz’)
of a load. Withoura suffident soil benronitc blanker indicare that both the clay and dhe geosyn :u.s '
lzycz, GCLs become compressed, hydrzulic conduetiviry before freezing Additionally, a standardized quality
raising cheir hydraulic conduetivity . of 2% 10 cmy/sec was unalvered after assurance and qualicy conrrol program
(i.e., making them more p:rmcablc) five freeze and thaw cydes. Full-scale must be developed.
and rcducmg their effecriveness as a field tests sill must be conducted, how-

- barrier, ‘ " ever, W corroborate the [aboratory dara,

- . espedially for GCL rechnology used 2s

Research Instimurce provides che basis

indicare good slope swability for all plots.

_ Lm;cr-rm Rdiabﬂity

GCL producrs remains durable for

long periods of time.

an infilraton barrier in landfill caps.

Stndardized practces must be devel-

oped  address GCLs' vulnerability 10
the foliowing: '

@ System swess from inclement weather
afer insmlladeon.
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The following case studies illustrare some of the
uses of GCL technology as 2 barrier systam in
Iandfills, Currendly available information from

these sites relates to installation only; long-term .

 performance is stll being assessed. Only one of
 the srudies concems the use of GCL technology
in bottom liner applications, Because this use js
relatively new. The other two sudies fomus on eap
., Systemy applications, which represenz a shgi*t ly
more estzblished use of the techaology. The ez

$tiidies represent sites in three different geoouphe

ic regions and involve three different GCL
products.

CCL Landfill Liner:
‘Broad Acre Land§fll "
Pueble, Colorado

Broad Acre Landfiil mscallcd a liner sy's::m in 1991
thar included: -

‘2A 60-mii Gundseal GCL

‘ai foot of, compactcd clay

According to landfill eperators, the Gundscal
was easy © work with. They instailed 200,000
square feet in 1 week. Workers installed the liner
" with the bentonite side dowa (i.e., the geomem-

* ., brane sideé up) As of February 1996, landfill
“'officidls reported that che liner was functioning
effectively. No releases of feachate have been
detected by the ground—watcr mumtonnv

system. ¢

GCL Landﬁﬂ Ca

 Whyeo Chmmmm Landfill
'ﬂ:wma.ston, Conmecticut .,
During July 1989, Whyco -Chromium hndﬁll

" installed 2 Claymax 200R GCL in a cap systern that |

included the ﬁ:ﬂomng (from top o bocmm)
G 6 inches of topsm]

|

oA Polywny-l chloside geomernbrane (BO-mJl thldmcss)

:

@ Claymax .
ﬁ Geotextile - .

- The langfi sire occupies 41 000 square fe.ct, and
workers installed the Claymax producr in 1 day.
Thus far, the cap is funcrioning well. -

Enoree Landfill .
Grﬂenwlle, South Carolina

"In Avgust 159, the first phase of closure at the
Encree Landﬁ]l involved installing the foﬂowmg
cap systen: :

B G to 12'inches of new and native sod

g 18 inches of compacte_d clay

g Be:n:oﬁx GCL _

. Enoree suaff capped approximately 26 acres of the
Iandﬁl't in 6 weeks. Landfill officials repor: that the
cp is ﬁmcnon.na eﬁ-'ecnvely
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o A ABSTRACT e

;?reocynthenc clay-liners (GCLS) have been installed in a'vaticry of: applications.: Perhaps.the

'IECHN" CALEQIEVAIENCY ASSESSMENT CF GCLS TO CCLs

R.M KGERNER : - :
GEOSYNTHETIC RESEARCH INSTITU'IE DREXEL UNIVERSITY USA
D.E.DANIEL .

UNIVERSITY OF TEXAS AT AUSTIN USA -

“Sifice theu‘ mﬁ'oducnon as bamer materials in waste corts_mment systems

maivr applications have beén as leachate containment barriers beneath. landfills and: sm-face
nnpontdments and ds infiltration water barriers in landfill covers. When orz considersthat the.”
traditional barrier material in these applications is a compacted clay liner ¢ (CCL), itis only-
logical that the two materials should be compared and contrasted to one another in such 2 way
$o as to assess technical equivalency. "This paper prov1des the salient features for providing’
such an assessment. It is primarilybased on techmical issues ‘and resultsin a framework that -
can posszbly be-used for assessmentﬁof both lmer and cover. barrier matenals

In 'r.hls assessment it is seen that other than issues of puncture resistance and product

‘thinning due to abutting objecis and uneven subgrades (both of which can be avoided by

PTOper, CQC/CQA procedures), - GCLs can generally be uséd on an equivalent basis as CCLs.
However, site specific conditions like long- tertu slope stabihty rnay provide umque situations

' caﬂmg for specific prodncs or altemate des:gns

_ ‘Needed to further this a;ssessmeut of GCLs t0-CCLs is a contmued dzalogue with! respect

" to" technical issues,.close monitoring of GCL mstallauons and- mvolvemenr of regulatory

agencies in the decmon rnakmg process

: EJ’I’ROBUCTION AND SCOPE

" The tradmonal hydrauhc bamer ma:enal used to contain: sohds and hqmds ina vanety of

.'aop.hcaoons is clearly one made fromnatural soils, typically clays. Such clay barriers can occur
" via a natural clay stratom, a compacted soil liner or an amended clay liner. These natural soil -

' ,matenalswﬂlbe called by the collecuve term of “compacted clay hners" Qr “CCLs”, inthis - -
-'paper : , C C oo , e

Clearly CCLs are the basic matenal reqmred by regulatory agenmes m the contamment

. of solid wasts. - Arecent smdy for mummpal sohd waste lmer systems has shown the followmg, o
"_._PahxmandKoemer(1993) e . S . .

"o CCLs are used s a smgle Imer beneath Waste in 19 states .
+ CCLs are used as a composite lifer beneath a geomembrane in 20 States

. »CCLS are usedasasmg]e coverin 36 states - .. - :
T CCLS ae used asa composne cover beneath a geomembrane m 6 states L

" The rinimum U S, EPArequuements are generaﬂy for the CCL to be from 300 t0 500 mm thlck .
._wzth a maxnnumhydrauhc conductmry of 1x 10—7 cm!secm the’ hner and 1 % 10—5 cm.!secm o

-.-255- __V;V
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+ the cover. Note, however, that current municipal solid waste regulations (Subtide “D™) call for '
a geomembrage. to be placed above the CCL in both situations of a liner beneath the waste
and a cover above the waste. : . :

5. , A tremendous data base i$ available on CCLs for waste containment applications. Thig -
"o is evidenced by majorresearch efforts, U.S. EPA SW-869 (1983), Goldman, et. al. (1988) and
- Daniel, (1987), development of specialized laboratory test equipment, U.S. EPA (1986),
development of unique cemstruction procedures and equipment, Rogowskd, (1990) and: an
. entire CQC/CQA monitoring protdcol, Daniel and Koerner (1993). Thus any new liner materia)
intended' to challenge the status of CCLs must necessarily be compared and contrasted to the
existing situation. : - - C

- ‘One such competing material that might be considered for a single Liner (not a
composite) replacement of a CCL isa geomembrane (GM). Indeed, 8 states have selected this
option for liners beneath the waste and 17 have for covers above the waste. Both strategies,
;- however, do~not-meet theé minimum technology guidance of U.S. EPA regulations which, as. .
mentioned previously, require composite GM/CCL systems: For:this paper it will be assemed
., that the GME:(f used at all) will be used in 2 compiimentary manner, to the underlying clay liner
.25 a composite Hner. . R TEELI e T

A second, and morefecent, competing matenal 10 aCCL isa geosynthetic clay iiner,_,dr
- GCL. Geosynthetic clay liners are defined in ASTM D4438 as.follows: : L

" “Geosynthetic clay liners are. factory manufactured hydranlic. barriers &pi’éa]ly
consisting of bentonite clay or other very lower permeability material, supported by geotextiles
and/or geomembranes, which are held together by needling, stitching, or chemical adhesives.”

- . . Bentonite panels (the forerumner to GCLs) were first manufactured in the early 19807
. and were initially used for foundation waterproofing and forsealing water retention structures.
W The.panels were subsequently modified to be fiexible rolls incorporating either geotextiles or’

geomembranes, 1.e., GCLs, and were firstused for landfill inersin 1986.: Since then, GCLs have.
been used for a variety of lining applications and final cover systems for municipal and
hazardous solid wastes. - . ... - 7 ¢ : L .

" The realization that GCLs are new, however, is evidenced by the survey mentioned .
earlier, Fahim and Koerner (1993), where no Federal regulations and only two State regulations .
*. even mention GCLs as a possible replacement of, or augmentation to, CCLs. In Colorado, -

GCLs are possible to use in the liner system and in Michigan in the cover system.

.':Iﬁ,tei'e'stin-ély; replacement of any patural material with a synthetic aliernative (via

.-tééhnical equivalency) is usually a possibility.. If one wishes to substitute a GCL for a CCL.,. - 3
' ‘one must demonstrate ‘that the GCL will be equivalent in terms.of meeting performance: -
objectives. - However, neither.Federal nor State regulations mention the criteria by which -~ -

- equivalency should be évaluated. At'the present time equivaleacy mmust.be evaluated on a. -
case-by-case basis using criteria that have not yet been defined. . The lack"of equivalency’

accepted criteriz is perhaps the single greatest problem that the designer and/or owner of 2. . o

©waste facility face in seeking regulatory approval for substitution of a CCLby a GCL. .+
R :,_'ImPOrtaJiltiy, one should fot. think- of a-GCL aS'-béing‘tptalljr_ jeqqivalent' to z_a;ijC(fL.'
-+ . Indeed, thére is no possibility that a 10.mm thick layer of bentonite could possibly. be. .

equivalent to-a300 to 900 mm thick layer of compacted clay ini all respects. . The critical issue-is. .~ .

s . whether substituting an alternative material stch as 2 GCL for the more traditional CCL will - ..

Ymeet or exceed the performance objectives of the site specific situation. If the GCL will meet

=gt gxceed the-performance objectives, then it should be considered that equivalency has been

* established. -

- w256~
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T'ms paper isintended to establish a ﬁ'amework for ass»essm‘T such equivalency forwast
containment liners and covers. In so doing, many generalities must be taken since no two Sug
performance objectives, or set of demands, are identical. Even further (and with respect g
solid waste landfills), liner systems beneath the waste will have: very different objectives thap -
covers above the waste.. With these concepts in mind; aad for the pmposes of this paper, GC1 5
will be contrasted o CCLs in both lmers and covers from a generic and mdely encompassmv

. perspective.

OVERVIEW OF GCLS

Since compacted clay hners (CCLS) are Instunca.lly known, cleaﬂy cstabhshed and well -
documented e.g., US. EPASW-862 (1983), Goldman, et. al. (1988), and Daniel, (1987), we will -~

- only focus on a description of geosynthetic clay liners (GCLs). The descnpuon will be brief,

however, since more complete descriptions are available in the open literature, Daniekand

- Boardman {1993) and Estornell and ‘Daaiel (1992); and caa be rccrulaﬂy :J**dated ﬁom
rnanufacnhcfs of ;.hc various: GCLproduc _ .

The essetice: fsr af -CL, of cours 41 eIaycr of bentcmte whxch is hcld bEth’c.ﬁ or o, .
carrier layers of geotextides or a'gé6membrine. Bentomite is a unique clay diineral with very™
high swelling potential and water absorpuon capac-ity When wetted, bentonite is the least. ..
permeable of all naturally cccurring, soil-like minerals. Bentonite isa chcrmcaﬂy stable mmera.l
that has undercouc complete weathering and will last, in cﬁect, forever

L - 'GCLs are manufacmred by ’placmg powdercd or granulated bentonite (with or wzthout- o
an adhesive mixed into the bentomite) on a geotextile or geomembrane substate, “The -

bentonite layer is typically 7 to 10 mm thick and is placed at a unit weight of approximately 5.0
kg/mz Those GCLs with a wcotextﬂe substrate (4 of the 5 available types) have covering

- . geotextiles as well, see Ficrure 1(a). The product (with=er without adbesives) is often stitch
. .bonded as in Figure 1(b), or needle punched as in Figure 1{c), thereby gaining considerable
structiral integrity. For one GCL, the substate is a geomcmbrane wherc an: adheszvc rmxcd ~

: 'mth the bentonite rcsults in. the final product, see Pigm'c 1(d). : . '

One pamcular style of each of the conunerczally available GCLproducts is shown in zhc':‘. :

o uﬁper photograph :of Figure 2. This photograph shows the products stacked upon each dther ™
in dry (lower) and hydrated (upper) pairs. The lower.photograph shows. grcater detaal of one .. -
-~ of the products in the hydrated (left) and dry (naht) stazes o R

Asone can surmise ﬁ'om these photographs thcre exists very real dlfferences bctwccn_

G.C'Ls and a 300 to 900 mmthick- layer of clay soil. In addition to the obvious thickness issue,

Table 1 counterpoints many cf the relevant features Damcl(1993) further elaborates on thcse v

L chffcnng fcatures

—257-
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Upper Geotextle

Lower Geotextﬂs

Upper Geoteile |
L AT Nesdle Punched
. S A Fibers Throughout

' (¢) Needle Punched Clay Through Uppet and Lower Geotextiles

L Z45mm '_ R oL

@ fAf‘lhésl_ivé‘ Bound ClaLy tDaGeonz -1. e 5 | :

. Lower or Uppér
-~ Geomembrane

" g 1 Coe econ s o curntly salble oy clay Ene (GCLS.

-
v
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‘Table 1. Some sele{:{ed differences between GCLs and CCLs.

. Characteristic B Geosynthetic clay I_ﬁler : Compacted clay lmer
._Mate:ials. : . “Benionite, adhesives, . Native soils or bIends of nanve
AR ' - ~geotextiles,and -~ . soﬁs and bentomte L
‘ o © geomembranes B | |
Thickness Typically 7 to 10 mm Typicaﬂy 3G0-to 500 mm B
: _ L (when hydrated) - .
_Hydrdl_lﬁc ccndncﬁvity R <(Lto5)x 10#9 cmys - - <1x107 cms
Speedef .. . Rapid,"simple R SIow'ccmpht:a:ed '
constructmh Lo ] instaﬂaticn S constmctmn .
- Need for MQC anc- &IQ»; 'V'Factory manufacumnﬂ Natm'aﬂy found rna*r“zals 2
‘ ?requ}res constanr momrennn‘ mineral Jayers requmnf Lo T
) o L el g T _ momtonng R S
Status of CQC and CQA Relaﬁvely simple, straight— ‘ Complex procedu:es :
. o - forward, common-sense - requining highly skilled and -
_ _ procedures : - knowledgeable peeple
- Feld de_si'ecation _ : GCLs cannot des1ccate = CCLs are nearly saturated
semsitdvity . . : during construction - can desiccate during
: : ' - 7 .unless premanu'ely hydmted construction ,
@ ==cormenms Materials readily sthped TZ==Varies widely From readily
- : C _ 0 any site © : available to not avaﬂable '
L S - aralb .
' ‘Ins’talled _Costr“ RS 'Typlcally $6. 00 to $8 OO per Hzchly vanable estunated co-
EE ‘ - square meter for alargesite-  ramge: $6.00 1o $30.00 per |
_ | . square meter L
, Experience : T ;j .. Limited due t_o newness’ - Has beenused for. rnany o
- and nonfamiliarity =~ decades with great conﬁdence e

as almer marenal

. Note:' - L
- MQC = manufacumng quahty control
' MQA = manufacturing quality assurance -

. CQC = construction quality coatrol Sl
. CQA = ccnstrucuon quahty assurance o

' TECHNICAL EQUIVALENCY ISSUES

~In tlns secnon as many issues as feltto be typmaﬂy encountered in companng GCLs to_ _

CCLs are presented “They are arranged in thres somewhat arbitrary categories (hydraulic, a
physmal/mechamcal and construction) and are listed for liners as weil as covers. Each .of theg
. ISSU.BS in Tdble v wﬂl be dlSCTJSSEd mdmdua]ly in the ext to fcllow Lo N

‘.

B
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 Hydmulic . Stcady fux of water
Issues® . - Steady solute flux

- Dhysma]j L '-'T:Freeze-thaw behavmr -
RN ‘/Iechameal S

. Issues = - Subgrade condition con51deranons

- Table 2. Techpical equivalency ,eaz_e‘goﬁes and specific issues to be addressed, TN

Possibly reIevanW

- Category - Criterion for evaluation | o _ Lmers . Covers

. X ..
X -
X -

X
X
X

béﬁ#p&

- Chemical adscrption capamty
" Breakout time:
-Water
- Solute
Horiz, flow in seams orhfts :
Horiz. flow beneath geomembranes
~ Generation of consolidation water -
Permeabﬂny to gases '

Db b bd

[

e

_Wet—dry behavmr o C T
“ 1 i, Total settlement response | R
. Differential settlement response '
Siope stability considerations
- Vulnerability to erosion
'Bearmcr capac1ty (squeezmg)

Construction . lecture remsrance and reseahnv

: Ease of placement or construction
» Speed of construction’ L
Availability of materials : '
: Requrrernents for Water -
. Air pollution concerns.
Weather constraints - .
. Quahry assurance conszderanons '

:Ngwmmxmxx-m
R I TR RS

- notes L ‘ - ‘ o
s 1Re1evant only.imtil liner is covered s'nfnmentiy 10 prevent freezmg
2"Settlement of liners usnally of concern only in certam cn-curnstances e. g verncal or Iateral

expansxons

”‘Qnﬁmmmmmmms

" The essence of any. bamer matenalm its abﬂlry to’ conmn the targeted hqmds The usual

A hqulds are leachate, ie., the squte, for I.mer systems beneath the waste and water for the cover o :
: -system above the waste o . : R

' teadz E!nv of Wate; Water ﬂuA is deﬁned as the volnrne of water ﬂowmg actoss a umt aréd X

in a unit. time. The steady downward flux of water (v) through ant individual layer of porous .

";.'matenal Wlth zero water pressure at the base of the Iayer is deﬁned ﬁom Darcy s law as:

;fm.gj  B e S T o

* where kls ;:he hyd:ranhc bonﬁﬁcﬁﬁfy, His "the- ciep_th of liquid ponded on the lnyei; and T_‘is the

A
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thickness of the iayer.

Equation 1is apphcable ouly for flow through the bentonite component of a GCL; ﬁme .
GCL contains a geomembrane, water flux will be controlled by water vapor diffusion thmuqh' ‘

the geomembrane component. The geomembrane component, if present, should-be included | m '
‘the equivalency analysis, e.g., by using appropriate waier vapor transimission rates. Alsa, Bq 1

. apphes to a CCL or GCL liner alone and net o compos:te luzers Composxte acuon Wlth 1

geomembrane is considered lat:er.

In order to estimate the reqmrcd hydrauhc conductmry of the GCL for equwalenc
assessment, assurne that the water flux. throucrh the GCL 1 is equai to the water flux r.hrouvh the

] CCL

@

NoN

“ If the hydrauhc conductxvny and thxckness of thﬂ compacted clay liner are known anci the

thickness of the GCL is known, the required kydraulic conductivity of the GCL to ensuze
equivalent performance in terms of steady flux of water is: _
T H+ Teer

(kGCL)Requ:red kcc:LT H+T

'_(4)

The reqmrcd hydrauhc conductivity of the compacted clay liner (kCCL) istsually 1x 1077 cms.

. The thickness of GCLs (Tgep) yaries from product to prodm:t; but is typically about 7. mm afier
. hydration at low overburden stress. The head of water (H).on the CCL or GCL is assurned to

be 300. mun for purposes of illustration. The requn'ed hydranhc conducuwty of the GCL, based
on Eq 4 and these conchtxons, is therefore: -

. For eqmvalencc to a 300-mm- thick compactcd clay Imcr
: (kGCI‘ )Req‘” ired = 46 % 1079 cm/sec
. For eqmvalcncc to a 600-mm-thick compactcd clay liner:

(.kGCI )Req]‘ ied = = 34 10—9cm!sec

_ As see in Table I the hydrauhc conductmty of: the bentomte componeut of .
commercially-produced GCLs is typically <1 to.5x 1072 crmys. Thus; it is seen that equivalency

- of a.GCL to a CCL, in terms of the’ steady water ﬂux, can be estabhshed for most,xf not alL‘ |

GCLS in thexr manufacmred condmon

P

o teadx Solute Elux Long-tem: steady ﬂux of solutc in Icachate may be. analyzed on the basis ‘

of advection alone, diffustonalone, or advection- plus diffusion. It is assumed that. the

: concentration of a solute of | concern m the leachate rcmams constant Rega.rdmg advecnon, :
- Atho advecuve rnass ﬂux vm A IS , - _ _ »

k

m,Alea::haIe T Y

Gtiy cmm’“ e

" whero Cieachate is the concenn‘anon of thie solutc of mtercst in the IEa.Ch&fe and as before v is
= the water flux.: ‘The advecuve mass flux ratio, Fm A is deﬁned as the mass flux of solute -

- | _'fhrough a GCL dmded by r.he mass ﬂux of solute t.hrough a CCL: .

o -252- .



LDEQ-EDMS Document 36293850, Page 320 of 476

P - mAGC)

mA YmacccL) @

® « o
C CHi
. lcleachazakGCL-I:I_'I_';r_?f ¢ |
: _ 6 _ Steache Yoo . Yoa
Foa= T e T
‘ L Ceachae Ycor  VecoL

e T

e

 Thus, the ratio of solute flux is the same as the fatio of water flux. Therefore, if one has. .
demenstrated equivalency in terms of stézdy water flux, one has necessarily also demonstrated : .-

- equivalescy in terms of steady mass flux-of solute. .= -, 5 : BT

ghliness-via diffusion: Two cases-are confiderad; -
1. Single Lifer or-Bottom Liter in Double Liner System. -Theoretically, steady-state
- diffusion is never reached with a clay liner resting on mative soil; unless there i5 a
. boundary condition, ¢.g., water table with uncontaminated water at a shallow depth
below the liner. Conditions at a particular site must be considered in order to determine
the pattern-of diffusion through a liner resting.on native soil. However, in nearly all .
~ “cases essentially equivalent'performance i5 anticipated froma GCL if the native soils are
~ incladed in the assessment, as they should be. S S §

. 2. Upper Liner in Double Liner System. Over time, the solute of interest in the leachate will * -
w | diffuse to the base of the upper liner and into titsunderlying leak detecdon layer. The-
.. concentration at the base of the liner will eventually equal the concentration on'top of
. the liner. Thus, the diffusion-driving concentration gradient will become zero and
. diffusive transport will cease. The issue of steady-diffusion through an upper linerin a
double liner system is moot. C N R
- Solutes can also migrate through soil liners by advection plus diffusion. ‘However, since
. advective and diffusive mass fluxes are additive,-and since the advective mass flux dominates,
- ..derfionstration of equivalency in terms of water flux will generally ensure equivalency in terms
of otal mass flux. - . T . L
Chemical Adsérption Capacity. Regulations generally have no -specific -adsorption.- -
" Tequirements: Adsorption of organics tends to be different from adsorption of ‘inorganics.
" Adsorption’ of imorganics is.controlled by cation ‘exchange teactions and geochemical
“processes such as precipitation. Adsorption of organic solutes is generally assumed to be
controlled by the amount of organic carbon in the'soil and a partition coefficient for the solute
- . (which is characterized by the ottanol-water pattition coefficient or water solubility. of the . .

. For inoraatiics, the maximnm adsotbed fniss per unit’ cross-sectional atea of liner (M) *

8-

-M';“;'C:‘.’.d'r

" resulting from cation exchange processes may be defined as follows: -

@ herc Cis e cation adsorpton capcty (maximummass of sobute sorbed pef it mass of &y,

W 0" soil),py Is the dry mass density of the soil,and T'is the thickness of the liner. The ratic of ..
“ thickness of a typical GCL to.a CCL is smal (on the order of 0.01).. Thus, in order fora GCL t0
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-

have equivalent cation adsorption capacity, the adsomﬁoﬁ‘coefﬁcieut of the GCL would have

®

. 10 30 ineg/100g. The ratio of cation adsorption capacities, denoted Fg, is:

to be at Jeast 100 times that of the CCL.

" The cation exchange capacity of bentomite clay is typically on the order of 100 to'150
meq/100g. Natural soil materials used to construct CCLs have typical CECs in the range 6f 3 -

E- =CGCL_ Ca  Toa - -
L o dGCL "CCL -
dCCL

Forthe typ1cal range of values, Fege would be expected to be in the range vn‘:f 0.03 to 075 It

.- appears unlikely that equivalency can be démqnstratéd for cation adsorption capacity tsing -
. - the-expressions just presented, However, cation exchiange is just one of several processes that
~¢an. affect adsorpton.. - Precipitation of inorgamdic: safutes’ can-"be:a::far-more. important ’

mechanistithan éation exchange, and pH is often a dominant variable controlling precipitation: s,
‘many geochemical environments. Thus, site-speciile factors, and got fust simple s

. comparisons:of CECs and relative soil masses, will often need 'to be considered:fyhen reladve”

adsorption capacities are compared.

. Non-polarorganic solutes are sorbed by carbon present in the soil. The carbon conteat
of bentonite in GCLs is capable of estimation, but CCLs will be highly variable in their organic
carbon content. ‘Although site-specific-assessments would be required (due to variability of -
CCLs), equivalency of a GCL to a CCL probably cannot be demonstrated in terms of capacity

" to adsorb non-polar constituents in leachate becanse the mass of bentonite present in 2 GCL is”

far less than the mass of soil present in a CCL.

- Adsorption, however, is only relevant in the shof<ferm. When steady. state mass

-transport is reached, adsorption capacity isexhausted.  Equivalency in terms of adsorption, if
evaluated at all, should be evaluated in terms of a'specified performance period. . .. -

_ .B'r.eako'ii.t Tifme of Water or Solute. Neither GCLs, nor- CCLs, arle‘iniﬁallly,safuratjed wnh v}ater.‘
- GCLs contain ‘essentially dry bentonite, but CCLs are. often clgse to being saturated at the e

.-, capacity at the base of the kiner.

- of construction:, When liquid firstenters the upper surface of an unsaturated linér, no liquid -~ "

discHarges from the base of the liner until the- liner absorbs enough water to reach field .

" The time to discharge water from the base of the liner i's_'diff'i"cult‘.'.tb, analyze-in a' simple

. ‘way.- For CCLs, the time depends greatly upon the - hydraulic conductivity, initial water
‘content, tendency to-swell, and rate of water infiltration into the. top of the Jiner. For. GCLs, the

tirre to- initiate discharge of water from the base is usually fairly short (afew weéks) if the liner

- iscontinuously flooded with sclute or may be extremely long if solute is slowly absorbed by

‘the bentonite..” For GCLs that contain -a.geomembrage, the time may be much greater A

comparison-of time to initiate discharge of seluté fromthe base’ of the liner would have to be
performed on asite and product specific basis. -~ - oo ot

* Regarding a lindfill covet, 2 GCL might b compared to'a CCL in.termsof the'time t0 . ~ " -

- discharge water from its- base onthe assumption that leachate production within the
. underlying waste would not begin. until water is discharged fromithe base. of the barrierlayer.
However, many would consider the. “breakout-time” of water from the barrier layer to-be.

- ‘essentially irrelevant because over the Iong term, the time to" initiate discharge water fromthe
 barriér 14yér is not important. Over the long term, the flux of water through the barrier layers -

” the important issue. A'liner with a hydraulic conductivity of 1 x'10~7 ¢m/s allows only about - -

" 0.25'mm(0.01 inch).of water to flow through it per year under continuous exposure to 2 watel, -

.:, .-"25.4-.'. |
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source and unit hydraulic gradient. Forthose GCLs that contain a geomembrane, the #resenée
of the geomembrane should te taken into account in the evaluation of breakout time.

 In general, it is not believed that breakout time should be an im.pdrtant issue in én
equivalency assessrnent. Otker factors seem far more important. - .

" Horizontal Flow in Seams or Lifis. The liquid flow just described is considered to- be, and is.

. laboratory measured as, the vertical flow through the clay matrix. Concerns are raised as 1o

Horizontal flow which might be more rapid and tend to increase the water or solute flux over 5
large area. For GCLs, the concern is clearly in the overlap seam area. - Yet, large: sc;ﬂe'
experiments tend to substantiate manufacturers recommendations. that the overlap areas ejther
self-seal or, by adding bentonite, co-mingle with the abutting geotextiles to form an adequate
seal, LaGatta, (1992).. For CCLs, the concern is between  individual Lifts with inadequate -

| bonding from one ‘surface to the mext, Rogowski (1990). This issue, as with the GCLs, i

clearly related to CQC/CQA monitoring which' will be discussed later. Ifproperly constructed: -

. ipé ther'material should be a major¢oncern with respect to Hiorizontal liquid flow. . -,

T6rizontal Flow Beneath Geomegiliiziies, When tsed.ag the: Jowér Compotient of a composite .
finer, both GCLs and CCLs must zcldeve“intimate contact’ withithe overlying geomembrane:.

- The teason being that liquid (water or schite) passing through a hole in the geomembrane
should not be able to spread horizontally attacking the underlying clay over an enlarged area,

' Using 4 radial trensmissivity device, laboratory tést results on five different GCLs placed
beneath a geomembrane with a small centraily located hole has been reported by Harpur, et al.
(1993). Transmissivity test results at two different normal stresses were evaluated, see Table 3.

Table 3. Apparent transmissivities of varios GM/GCL combinations compafe_ad to .;heora_ticgl‘

o _ GM/CCLs.
. Clay K Type - Type of Upper‘ Apﬁareﬁt Transxmss;.my
o ‘Beneath . of L SR Geotextile - - " in Units of m2/sec
-Gﬁ?ﬂl_‘?f!}bfaﬂe o Beatonite Ag@ﬂ Geomembran_e — .TO'kPa_.
- - GCL-A - adhesive/granules - © none. - 3 % 16—12 3w 10-E2
GCL-B | po'wér ' o Wovems_ﬁt‘ﬁlm '3X10—.‘-1'l- ox 10-12 - -
- GCL-C -_édhésive/granules_' woven-spunlaced ©  gxi10-ll " g xm—l?.
‘ GCL-D' Cgranules . ﬁ__-woven-'slit‘ﬁlm ‘2,(10-1"0 : 1'x10'..m. |
- GC’L—E po'wd.e; - - _nonw'oyemne}edied 1x10710 g xigell
~ "theoretical best CCL lab conditions - Someme . T 64X 10-10 |
; the.‘c‘nre,tical»zb;st' CCL field conditions” | "~ nome . == 6.4'% 109

c aring the GeL gTO’UI‘J with CCLS is diffi:cﬁit;d.ue‘.td lack of-!'data _“;ith'_ GMJCCLS
‘However, theoretical data also shown in Table 3-indicates that. all GM/GCL.combinations "

' “evaluated ‘4re significantly lower in tran$missivity than the anticipated GM/CCL transmissivity.

Bentonite extrading through covering geotextiles, or intruding into-them gives riseto these:

- Jower GM/GCL transmissivity values. -While actual GM/CCL data néeds to be developed it - -
" appears as though GCLs are superior to: CCLs with respect to transmissivity.” - =" . ° ..

T o both GCLs and CCLS, the intimate contact issue can bé'qlialieﬁgg,d_ when the” "
covering-geomembrae has waves in it due to. high temperature expansion. . This is|an equal -
! th GCLs and CCLs with no preference for one material over the other.- - .~ .

| #265- 2
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Generation of Consolidation Water. Application of normal stress to a CCL tends to squeeze

water out of the clay matrix. If this were to cccur in a landfll cover, the water migTating into
. -the underlying waste would eventnally become leachate. Dry GCLs have -no cgpabﬂ?ty to
produce consolidation water upon loading. In general, the GCL should be viewed as superior
to a CCL in terms of minimizing production of consolidation water. However, because the -
-applied loads in final covers are so small, the entire issue of production of consolidation water
is usually moot for covers. Thisissue is far more important for clay ligers located above leak
-detection layers in double liner systems beneath landfills.

. Iz double lined waste containment facilities at least six states require. a composite
- primary linerlocated above a leak detection system for MSW, Fahim and Koerner (1993). For
hazardous waste, the number is considerably higher. When the clay liner component is a CCL
- placed at, or near, saturation, each Liftof solid waste placed in the facility causes consolidation
to occur. .The expelled water enters the leak detection system and invariably causes confusion.
1§ the Ygnid consolidation water or.leachate passing through the entire primary composite . -
liner? Only: through: chemical -analysis (MS/GC ‘testing} and comparison with the “primary™
leachate can z-definitive answer be given.: Additdnally, this generation of exgelled pore water -
occurs’ with-eack-1ift of additional-waste that’is placed in the facility. 1t has beorr very'
troublesome (ané dHHcwltto interpret)at'a number of faciliies. Dry GCLs do not have this '+
problem and can be cousidersd superior in this regard. . o

- Permeability to Gases. The permeability of a barrier layer to various gases may be very

* importantif the barrierlayer is expected to restrict the movement of gas through the cover of 2
.~ MSW landfill. Decomposing MSW. landfills produce methane, carbion dioxide and trace.
amounts of numerous other gases. Fof clay soils, the gas permeability is extremely sensitive to
the water content of the soil. Dry clay materials are highly permeable to gases, but ‘water-

saturated clay materials are practically impermeable to gases.

' Compacted clay. liners are compacted at a water cofitgat that is wet of optimum. - The
~ " -volume of air present in the CCL tends to be very low, Conversely, the gas permieability of
" GCLs depends greatly on how much moisture has been absorbed by the bentonite.. The gas
permeability is high for dry bentonite sandwiched between two geotextiles.. For GCLs that
~contain a geomembrane, the geomembrane dominates the material’s gas permeability and gives
it a very low permeability. Equivalency in terms of gas permeability probably can be |~ -
demonstrated for GCLs that contain a geomembrane or for GCLs that ‘are sufficiently hydrated ,
to attain a low permeability to gages. The bentonite in the GCL can be forced to hydrate -
 quickly either by. placing the GCL in contact with a moist soil or by applying water to-the . | -
* overlying soil after the GCL is placed and covered. Laboratory tests indicate that absorption = .
of water by the bentonite occurs within'a few weeks, Daniel, et al. (1993). The hydragon of. -

- the bentomite can be forced to occur if gas permeability is a critical issue.

.- While tI:iIS"_di'scizssicn.' tends to favor CCLs, it must be 'mentipn'éd that if the CCL.cracks
due to desiccation or differential settlement the preferred pathways will bypass the intact soil

" mass causing the CCL to become high in its gds permeability.
- PHYSICAL/MECHANICALISSUES . =

e A number of pﬁysibél/mﬁé'hanical- issues must be addressed since an :iﬂad_eqmgé S
structural. performance of either a CCL ‘or @ GCL could result in an inadequate ‘hydraulic . -

. performance, or evenresult ina faled system. - L s
. -:,,-\Ffe"eze'[- Th aw Behavior, CCLs are known to be viinerable to "Ia;ge,-iﬁcre-asés ,inhydr"aul_ié_,_' N
W conductivity from freeze/thaw cycling, e.g., Kim and Daniel (1992), although compacted soil-
- " bentonite mixtures may mot be &s vulnerable to damag. Limitedlaboratory data indicate that.
-+ -GCLs do not undergo increases in hydraclic conductivity as a result of freeze/thaw. Thus,

C s266-
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-an increase in hydrantic conductivity.

from the availabie data, GCLs appear to be superior to CCLs in terms of freeze/thaw fesistaﬂce

Wet-Dry Behavior. Wetting and drying of CCLs and GCLs can cause the respective materialg
to swell or shrink. The main concsra with CCLs is that desiccaton can lead to cracking and ¢

. Avajlgble_ laboIatdry data indicaté 'that désii:baﬁon of v:v'et GCLé ddes cause. Ctacking, |
but rehydration of the GCL causes the bentonite to swell and the material to self heal, Kimang
Daniel (1992). Thus, GCLs appear to be superior to CCLs in'terms of ability to'self-heal if the -

-material is werred,‘drie_d, and thf_:n__rewetted. _

- Total Settlement Response.. Total settlement refers to large scale settlement withdut significant

bending or distortion of the liner system. Clearly, such settlément can be anticipated with -
MSW landfill covers. Hazardous solid waste (HSW) should be considerably more stable in this

_:.l:' regard. -Large scale (mass) seftlement might dismoccur in liner systems placed as laterslggo
foh yértical expansions. Itis believed that GCLs and CCLS would botli réspond: simlarlyto total

rhient and that neither would be damaged if there iz no significant-bending.or distortion; -
N ' ‘ I Ll S e s IO

Differential Settleinent Response. LaGatta (1992) studied the efcts of differental settlément
" . on the hydranlic conductivity of GCLs. He placed 2 water-filled biadder in a “false bottom™

located beneath the GCL. The GCL was placed over the bladder and was then covered with

600 mmof gravel to simulate cover matsrial. The GCL was flooded with 300 mmof water,and: - =

water draining out the bottom of the experimental apparatus was collected for 2 to 4 months, -

. until the flow rate became steady. ¢Then the bladder was incrementally deflated to produce a

differential settlement. Boardman (1993) performed similar tests but subjected dry (rather than
hydrated) GCLs to differential settlement; the GCLs were hydrated and permeated after the
distortion took place in the dry material, The extreme differential settlement caused by the

deflated bladders did not produce large increases.in. hydraulic conductivity for most of the -

GCLs tested. _ : _
. Distottion is defined as the differential settlerent, A, dividéd by the horizontal distance .-
over which that settlement occurs, L, as shown in Figure 3. Distortion produces tensicn, which |

' can lead to cracking. It appears fromLaGatta’s and Boardman’s tests that many GCLs can

withstand large distortion (A/L up to 0.5) and temsile strain (up to 1010 15%) without

- undergoing significant increases in hydraulic conductivity. This finding is in sharp contrastto -
the. results for compacted clay, which. are summarized in Table 4 as compiled by LaGatta-

(1992). - Normal compacted clay ‘materials cannot withstand tensile strains gredter than. .
approximately 0.85% without failing by cracking, Pure bentonite, ou the other hand, is

" reported to have a tensile strain at failure of 3.4%; but LaGatta measured much greater tensile . *

strains without ¢racking in- many GCLs, probably due to the beneficial reinforcing andfor
confining effécts from the geotextiles or geamembrane of the GCLs. - In any case, the available

'data indicate that GCLs can withstand much greater tensile deformation than CCLS without

cracking, which is a favorable characteristic for:final covers: GCLs are comsidered to be
superior to CCLs in terms of resistance to dainage from differential settlement. " -

 While this same discussion can be ;épph'é.d to the liner system beneath me'splid"grﬁqﬁid .,
waste the general situation is. not. as compelling'since soil subgrades should be: far more .

* competent than ‘with a body of solid waste. The notable exception, of course; is for vertical . -
and lateral expansions of landfills over.existing facilities. Here the situation described.above .

for covers is even further exacerbated due to the high magnitudes of the applied ‘normal” -

- stresses. . .
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Figure 3. Definition of ‘I;iner Distortion “AL”

:,.-Tible.4.. Data on tssile strain at failure for compacted elay, LaCatta (1992). -

Type or Source of Seil ~ ‘Waisr, Content s fPIasticity Index®iv: "~ Failme Tensile Stram

Natural Clayey Soil 5 ST 080,

Bentonite - R ) - 34

- Mhite o s, 34 o 0.84

Kaolinite 3760 . - - 016

Porfand Dam 163 8. - 0.14
Rector Créek Dam - . 138 - 16 ' 0.1

PR Y=

".Wcodq;es#"Da;n,' . 102 7 . Nopplastic - .- - 0.18
Shell Oil Dam - L 12 . Non-plastic . 0.07

| _Wﬂia;dTes'ti_Embgnkmeﬁt; 164 ' D & R 020 N
 *Defined as the iquid Brmit minus the plastic lmit per ASIM D4318 '

Slope Stahility Considerations,- The mid-plane shear stength of GCLs isobviously sensitiveto -

the water content and type of GCL. Water-saturated GCLs that contain -unreinforced, '
‘adhesive-borided bentonite have angles. of internal friction for consolidated-drained conditions . .
~ of approximately 10 degrees. Dry-or damp. materials are 2 to 3 tmes higher than water- -

E . saturated GCLSs. Also, needle-punched and stitch-bonded GCLs have higher strengths, at least . '
- in the 'shott term. On-going creep studies of somé types of hydrated needle punched GCLs,
" however, show that linear creep may occuf at shear stresses of less than 50% of the. short term.

‘strength, Whether these trends continue for all needle punched: products at all normalstresses' -
“is not known.” Note that-it is possible to Idck the needled fibers in place by adhesives or
thermal fusion, and thus long term stability is possible. This same study shows that'stitch
. bonded *GCLs are very stable. under ‘similar conditions. Furthermore, the interface shear.
' strength at the upper andfor lower:surfaces of 2 GCL may be an issue depending on the; typs.

of surfaces of the GCL-and the natiws of the abutting material. * .

o “The shear ‘strength. of CCLs varies widely. Majdr'faét_ots.'- mclude type : of ~clay,
percentage of clay, water content, density, etc. Thus no comparative conclusions with GCLs

" ! ‘For stability analyses involving composite liners, one often must consider interfacial - o
 shear with-an adjacent layer, e.g., 2 geomembrane. No general statement can be made gbout.



LDEQ-EDMS Document 36293850, Page 326 of 476

.

- coversail ar for a GEL ¢r CCL underlying a geomembrane; -

system bencath the waste,.. . L ol

- of the barrier layer.

equivalency of a GCL to a CCL in terms of interface shear strength becanse the .
depends on the specific materials involved, degree to which the bentonite or cla?’sizsfmem
slope angle, and other site-specific conditions. Even further, slope stability.must soméﬁ:nez gt’
assured against seismic conditions. ' Again site specific or product specific conditions mee __
required to make an equivalency assessment. _ e o CoTRee

Inerability to Erpsion. Erosion resistance may be of concern in final covers if adequate -
. cover soil is not present. With a well-designed and properly maintained cover system, the
barrier layer should never be subjected to forces of erosion after the construction phase is gver
.and equivalency should not be an issue. In some cases, however, there may be insuffician; .

cover soil to- guarantes that the barrier layer will ot be exposed. Because of the presence of

erosion-resistant geosynthetic materialsin GCLs, most GCLSs can potentially be more resistant - -

to erosion than CCLs. However, if 2 GCL is exposed to erosive forces, the bentonite may be .

- washed out of some products.” Thus, equivalency depends upon the specific materials being

copsidered. - For many sites, erosion will not be-of any concern, e.g.. sitwations with adeqguate

-In gerwial; erosion is not.a cemsideration for either GCLs or €CLs placed 4s a-liner.

Bearing Capacity (Squeezing). Both CCLs and GCLs must have adequate bearing capacity to -
support the.applied normal stresses. The clay must not squeeze laterally becoming thinner in
localized areas under concentrated loads, e.g., wheel loads from construction equipment or
maintenance vehicles. Both statc and dynamic loads must be resisted depending on the local
situation. ‘Even further,if a leak detection system islocated beneath the CCL or GCL, fugative
particles could clog the drainage layer rendering it ineffective. - B

' Hydrated bentonite in GCLs is not as strong as the typical soils used in constructing
CCLs hence GCLs are probably not equivalent to CCLE*However,under most circumstances,
a GCL will provide adequate bearing capacity if the materialis buried under sufficient soil -
overburden. Equivalency is heavily dependent upon site-specific conditions and the situation
is essentially a design and CQC/CQA consideration and mast be viewed as such.

CONSTRUCTION ISSUES

There are a host of construction issues which must be addressed in- dssessing .

" equivalency.of GCLs to CCLs. The best of designs can be defeated if installation is not

possible, or is made so. difficult so as to. engender long term problems.

 Punctare Resistance -and- Resealing. - Geosynthetic™clay Hners are thin and, like all thin

geosynthetic materials, are’ vulnerable to damage from accidental puncture during or after-

" * construction. ‘In contrast, thick CCLs cannot be accidentally punctured. Some GCLs have the' -

capability to self-seal around certain punctures, €.g., penetraton of the GCL.with a sharp’
object such as a nail. The swelling capacity: of bentonite gives GCLs this self-healing

 capability. . Of perhaps greater concern than penetration of the GCL by an object after . -

construction is accidental puncture during construction. For example, if the -blade.of a. -
bulldozer accidentally punctures the GCL during spreading of cover matenial, the GCL would

- probably not self seal in the vicinity of the pupcture, -

Geo_éyntﬁétic clay Liners will senerally niot have equivalent puscture resistance to CCLs. _' -

However, this does not mean that & GCL cannot mest or exceed the performance objectives of

a compacted clay liner,” Proper CQC/CQA procédures can be established and implemented to

. make the probability of puncture during construction extremely Iow. In final covers, one OF . -

two accidental punctures would probably not have a majorimpact on'the gverall performance.
' In a bottom liner system subjected to a confinuous head: of leachate“,l‘g

S —269- o




LDEQ-EDMS Document 36293850, Page 327 of 476

different conclusion would be drawn about the significance of undetected and unrepaireq
damage to & GCL from puncture. Ultimately, site-specific conditions and quality assurance
procedures will be crifical in dealing with the punctuze issue and in establishing equivalency of
a GCL to CCL for a particular project. T _ . B

 Subgrade Condition Coné.idéi'a'tioris, Compacted clay liners are constructed with -Heavy
equipment. If the subgrade is uneven a. CCL can be: placed and compacted in 2

straightforward manner, On the other hand, stones and rocks can cause localized thinnfng or
even puncture of a GCL. If the subgrade contains stones or rocks, the integrity of the GCL -
will be compromised. -Also; in order for the overlapped seamns in a GCL to self seal properly, the
overlapped panels must be placed on a very smooth and even subgrade. -Subgrades with
frozen ruts can be particularly troublesome for GCLs and their potential to thin out over the .
raised ridges is very high. Thus, equivalency of a GCL to a4 CCL in terms of the effect of

- subgrade clearly depends on the conditions of the subgrade. This,in turn, depends upan
- subgrade estrictions placed iu the plans and sp<idicetonsand on the level of CQC/CQA i+
momtonng N R e R PR

v

2775 Subgrades Taist be very carefully prepared for. the successful 'PIEéQmEﬁ'E:_b" a GCLII:IS

of significantly less concern when placing a CCL..

Ease of Placement or Construction. A GCL will always be easier to place than a CCL, unless
weather conditions are adverse (e.g., constant rain), in which case even a GCL will also be
difficult to construct. In general, GCLs are superior to CCLs in terms of ease of placement or
construction. - g S ' - '

5
v
a1l

Speed of Construction. GCLS can be placéd much more. qui'ckly than CCLs. GCLsare

superior to CCLs in terms. of speed of construction.

© ek ———

' Ava;‘lg‘bﬂigg of Materals. Suitable diay‘s for construction of @ CCL may or may not be available
locally, depending on the. location of the site. Because GCLs are manufactured materials, they

are readily available and can be shipped to a site quickly. The cost of shipment is usually not a
large percentage of the total cost of a GCL. Thus, GCLs will always be at least equivalent to-
CCLs in terms of availability of materials and will be superior to CCLs at sites lacking local

- sources of suitable clay. .

Requirernents for Water. Construction water is necessary for many compacted clay soils in” -

 the equipment and air-borne

. order to make a-CCL. They are usually placed at a moisture content wet of optimumi to.

achieve the desired low hydraulic conductivity. The total amount of water required to moisten

"-a clay liner can be very large. For examgple, if a 600 mmthick compacted clay liner were to be
constructed over a 5 ha site, and the nawral water content of the soilhad to be increased 5% .. .
to achieve the required moistire conditions, the total amount of water necessary would be.
. approximatefy 1,500,000 liter.” In arid regions, this water may represent a valuable resource, and
in some remote locations, it may be very expensive to provide the water.” Furthermore, if the =
- only water available is froma local streami which is polluied, the expelled .water during
consolidation could be a concern in generating leachate or in masking leak detection liquids in
. double lined systems. - SRR DU S
o - Geosynthetic clay liners do not require construction water and are-superiorto CCLsin ~
Cthisregard, T . L L a0l oo e

AirPollution Concerns. Air pollution isa subject of great concern in some arcas. Construction. -

». of CCLs, liners tend'to be an energy intensive activity with heavy equipment excavating,
. hauling, processing, spreading, and compacting the ‘'soil with repeated passes of heavy

compactors.” Al of this activity adds. to air pollution in terms of kydrocarbon emissions from
' particulate matter (dust). GCLsare factory fabricated, shipped to' "

B/ R
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the site, moved into position by machinery, and then unrolled (sometimes by handﬁ_' Ajr
pollution at the factory during GCL manufacturing is generally carefully controlled and
monitored. Relatively speaking, the impacts to air quality are less witha GCLthana CCL,

Weather Constraints. Compacted clay liners-are difficult to construct when soils are wet,

- heavy precipitation is cccurring, the weather is extremely dry (clay desiccates), the sof i

frozen, or the temperature is below freezing. GCLs are difficnit to comstruct’ during
precipitation.” Weather constrainis during placement generally favor GCLs. '

Some, if not all, GCLs must be covered before they hydrate. If a geomembrane vill Se
placed over a GCL, the GCL must be covered almost immediately with the geomembrape,

- Construction should proceed downgradient with the geomembrane shingled over the edge of

the GCL upon the completion of each day’s work. If soil is placed over the GCL, backfilling
must be kept as close as possible to the exposed edge. Furthermore, the exposed edge should

- *be protected by 4 temporary membrane at the end, of each day’s work. The fact that mzmy.
i @CLs miastbe covered before they are hydrated can.be. a significant weather constraing Sor
---GCLs: CCLs also have weaiher =onstraints. after placement. . CCLs mustnot be allowed to
" freeze or desiccate, and wet weather often creates rutting andtg'amage to the surface.

Equivalency interms of weather constraints‘must be considered on a site-specific basis,

‘but weather copstaints generally favor GCLs over CCLs.

Quality Assurance Considerations, The proper construction of a low-permeability, CCL is a
very challenging task. Careful control must exist over materials, moisture conditions, clod size,
maximum particle size, surface preparation for a Lft of soil, 1ift thickness, compaction coverdge
and energy, and protection of each completed lift. Comparatively, CQC/CQA requirements are

-miuch less rigorous  for GCLs compared to CCLs, but no less critical. In general, while

CQC/CQA for a CCL requires a number of relatively sophisticated tests and points of control

' by very experienced and capable personnel, CQC/CQA £6r'GCLs is more nearly the application

of common sense. Far fewer things can go wrong with the installation of a GCL compared to
placement and compaction of @ CCL. However, testing procedures and observational

techniques are well established for CCLs but are not for GCLs. There are major ongoing - -

efforis to establish testing methods for GCLs. ASTM Committee D-35 has recently dedicated
an entire subcommittee to this particular material. While it would appear that GCLs are -
superior to CCLs in terms of ease of quality control, more work needs to be done to eswmblish -

_ standard test methb;_is and procedures for GCLs.
' SUMMARY OF EQUIVALENCY ASSESSMENT

: Clearlj) an eqmvajenbji énaJySis éf GCLs t.or-CCLs will be needed on a si'l‘.é‘-speciﬁ:c‘basis..

" Any broad conclusions that can be drawn will tend to be fairly general, "However,a .

* generalized summary of the technical equivalency issues just -discussed will be attempted.
- Tables 5(a) and 5(b) are arranged to parailel the issues in Table 2 and just discussed. Table 5(a) -

- ig for liner systems beneath waste materials and Table 5(b) is for cover systems above the
waste. Each table is aranged 5o as to counterpoint GCLs to CCLs in the following manner; -

 « the GCL is probably superior.
+ the GCL is probably. equivalent - |
- '» the GCL. is probably not equivdlent - =~ S
« equivalency deperds on site specific or product specific conditions
Clearly, the ““not - equivalent” category of GCLs to CCLs in each table is most. important.
These issues will-be- discussed separately. Unfortunately, many issues fall into the - .
“equivalency depends on site specific or product’ specific conditions” category.. They, of -
course, remain unanswered at least in'the generalized sense of this‘paper. - LT

BIY 4 S
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- . J

Tuble 5(a). Generalized technical equivalency assessment for liners beneath
: landfills and surface impoundments. '

.‘;. —— . Gs GO GCLB  Equivalency
-ategory - . Crterionfor . © probably  probably  probably not = depends on -
" cvaluation superior  equivalent  equivalent site or product

Hydraulic = Steady flux of water - X
- Issues - Steady solute flux - X
: .- Chermical adsorption - '
capacity. -
Breakout time
Water
. Solute | S
-Horz. flow in seams - = -
. or Hfts e SR
Heoriz. flow beneath -
- geonmembrane S R
"Genexation of i - e T
consciidation water. X
X
X

e

54 b4

Physical/ Freeze-thaw behavior
Mechanical Total settlemhent '
Issues Differendal settlement ¢ X
Slope stability F
* Bearing capacity : X

P

Construction Puncture resistance - ===
Issmes - . Subgrade condition _
: ~ Ease of placement + X
Speed of construction X
Availability of materials .- X = -
. Reguirements for water - ‘X -
Air pollution concerns, X _ : S
Weather copstraiats ~ - ' S X -
Quality assurance Lo e
~ comsiderations - . .. X - L T

bdnd.

Regarding “chemical adsorption capacity” of GCLs"in liner systems, equivalency '
. .‘cannot be shown. More of concem, however, is what impact does-this issue have on'the * - - °~
performance of a given facility. For examplé, if the liner is-a GM/GCL composite the issue
. might be moet fora properly installed geomembrane. In'the short term, absorption by-the GCL . -
-may be adequate. due to very low water flux. In the long term, the adsorption capacity of all -
* liners may eventually be exhausted and'is therefore not relevant. If the. composite is the
" primary liner of a-double {iner system, thé leak detection system will handle. the liquid and :
tion is not relevant.” Thus only when thé GCL is used by itself can real’concem'be = .

B -adsorp: , [ _ ; .
" -expressed, and'even then, site-specific conditions dre very important.-. . o oo
.' . 'Regarding “bearing capacity”,: or squeszing, of ﬁydra'téd'.:GC?s"théré' is concern for
* . both liners and covers. The hydration ‘of GCLs can be quite rapid. Within a-few days, Daniel, .-
T et ali (1993) show that 40% moisture content can be attained fromsoil suction considerations. ,
“Concenrated loads from construction” equipment and/or maintenance equipment can readily -

DR ¥272._-' L
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’ o Physmal/ Fréézé-thaw‘ Behavior
.." Mechanical -~ Wet-dry behavior '
Issties’ - Total settlement.

Construction Puncture resistance
. Issues ~ Subgrade condition

- small punc
-concern for

Table 5(b). Generalized technigal equii:alsncy assessinent for covers above landfills, ©

o . - GCLis GCLis GCLis Equm
- ..~ Criterion for ~ probably  probably  probably mot.  depends oy
Category - . evaluatom Superior - equivalent = equivalent  site or product
Hydraulic = Steady flux of water ' X . s
Issues Breakout time of water L - X
' Horiz. flow 1n seams o .
or Lifts o : - X :
Horiz. flow beneath S S
geomembranes X
~ Generation of o
consclidation water £

. Permeability to gases.

b ndpd

Differential settlement = X - ‘ _ .
Slope stability A _ X
Vulnerability to erosion - - ‘ <
Bearing capacity

Ppd

Ease of placement
. Speed of construction
~ Availability of materials
.. Requirements forwater -
- Air pollution concerns
Weather constraints - .
Quality assurance - X , .
considerations . - - S o

s e

b e pd

b

cause squeezing and lateral migi'_aﬁoﬁ of the hydrated bentonite in sdri‘;e'GCI;,pthﬁct’.S;‘} GCLs, .
thin to begin with, can further decrease in their thickness, to the point where the geotextiles

" are possibly touching one another. This issue must be addressed in design (e.g., to- provide
‘suitable thickness for haul roads and access roads) and in strict CQC/CQA procedures during - -

construction. L | |
" Regarding “puncture resistance”, thin GCLs do not have the same resistance as much,

- " thicker CCLs. Although the GCLs can be punctured during construction; careful CQC/CQA

should be. capable of addressing this' potential problem. Further, for final covers, an oc¢asional. . .

fure occur at an isolated location: It should be stated, however, that.

L ;-.273-..?‘ -

‘ ture may be of litle consequence: - Indeed, puncture is probably ‘of much greater .-
_ a bottom liner than for a final cover and of much more concern for single liner - .
- systems than for the apper linerina double linersysteni. ' Also, if puncture is of coacern, 2 layer
_ of relatively low permeability $oil or waste materjal may be placed below the GCL'to provide a*

, - - .back-up should. punc it ld ted, how |
' GCLs enjoy several important advantages over & compacted clay liner which may more than - -
 offset ity greater vulnerability topunctige.” - . LT
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Regarding “subgrade conditions”, the thinness of GCLs: is again at issue. With only 7
to 10 mm of thickness of a GCL to begin with, no amount of thinning is tolerable withoge
negatively affecting the water or solute flux calculations provided earlier. Subgrade conditiong

must be specified as being ,fr_:e from stones, gravel, ruts (particularly when frozen) and all other
perturbations in the subgrade material. When placed over the geonet of a leak detectiop

~ system, rib indentation can cause GCL thinning. This is readily prevented by using the proper.

separation geotextile between the GCL and geonet, but must be designed accordingly. Thuys
adverse subgrade conditions can be eliminated as a issue of non-equivalency, but only with
proper design and rigorous CQC/CQA procedures. : ' - o

~ CONCLUSIONS AND RECOMMENDATIONS

Presentéd'in- this paper was an overview of geosyﬁthetié,ciay liners (GCLs), wnh the

- intention of compasing and contrasting them to traditional soil liners. When used for waste

< - containment, such sei} iners are usually compacted clay liners (CCLs). However, instezd af-

basing potential equivaiency on’ non-quantifiable issues:(like a lack of endersemeni by .

iregulatory agencies), thres caisgeries of techmical issifes were evaluated. They were hydraulic, ~ .
" physical/mechanical, and cousiructicn categories, each of which had numerous spécific issues. | ‘

It was seen that there are numerous é&?aniﬁg’es‘.o_f GCLs over CCLs. These include

‘better resistance to freeze-thaw, better self healing characteristics in wet-dry conditions, less

vulnerability io damage from differsntial settlement, less consumption of landfili space, easier
placement, faster placement, lack of need for local clay materials, less need for construction
water (relevant for arid areas), and greater ease of good quality assurance. Geosynthetic clay
liners will probably cost less than compacted clay liners for many, and perhaps most, sites. The
major disadvantages of GCLs are greater vulnerability to damage from puncture, poor
subgrade conditions, lateral squeezing and subsequent thinning- of the product.” All are
potentially controllable by proper design procedures and by rigerous CQC/CQA procedures. -
While rot generally 2 critical issue, the chemical adsorptiod ¢dpaciiy of a GCL is lower than a .
As suggested by Tables 5(a) and 5(b), many equivalency:issues depend on the particular
GCL product selected and the unique site specific conditions.. In general, equivalency wil
have to.be evaluated on a case-by-case basis. An important site-specific issue is likely to be

slope stability. It may be difficultto provide adequate ‘factors of safety against slope failireon -

. relatively steep slopes that. contain certain-GCLs. However, designers have a choice of -

products’ and, as an option, a variety of reinforcement materials (such as geogrids and

geotextiles) available for use, if necessary. - o

" While no general conclusion can be reached about GCL egaivalency to a CCL at all
sités (either for liner or cover applications) it is expected that GCLs can be shown to provide

" better or equivalent performance at many sites.

_ Althoﬁgh-’GCLs are not without limitations; their favorable broyérties'ai_é sﬁfﬁdenﬁy

advantageous that owners, designers, and regulatory officialscould give serious consideration: -

. to expanded -use of GCLs as containment barrier materials, There is a need to teach agreement -
- about the criteriaupon which-GCLs will be evaluated, and it is, hopéd that this paper willhelp

to’continge the dialogue that will ultimately lead to_ establishment of agreed upon-and

. .,:"'-_?PPTOPﬁ"}?e cntena 10 assess techmcal -'gq'tﬁ\;al_ex_zcy.;_ S

/ Boardman, B. T, (1993).The Potential Use. of Geosynthetic Clay Linef; as Final Covers.in. - -

" -Arid Regions;” M.S. Thesis, Uriiversity of Texas, Austin, Texas.
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 ABSTRACT

Low-permeabﬂ:ty, compacted clay Imers are commonly requn'ed as a bamer to water |

infiltration in landfiil covers. A relatively new material, known as geosynthetic clay liner (GCL), .-

has been proposed as an alternative to a compacted clay liner, A .GCL has the practical
advantages of relatively low cost {approzimately 50.50 to 30.60 per square foot for a landfill -

: .cover; installed), rapid mstallation with Hgfu~wight equipment, and ease of repair. A GCLalso. .-

s - has several techuical advansages, including grearer tiérance for differential semlement and befer

self-healing characteristics tnder wet-dry and frecz3-tnaw conditions; "A petennaﬂy imyportant
-usad-_ .,_jcaofrheGCLmthameusenmtinn i morevulne:ablcto‘ ige from 1

than' &’ compacwd clay liner. However, compacted clay linefs ar= not withiont their problems; wo, -
and designers, as well 2s regulators, of final landfill covers are encouraged weigh the advamaoes

. and disadvantages of the various mar.enals befere reac:imzc 2 demon about thc best matenal to

use fer apamcnlar landﬁIL

" Most regulatory acrenczes reqmre that compacied clay, or the eqmvalent, be used asa

- bartier to water infiliration in final covers. Typically, 2 1- to 2-fi-thick layer of compacted clay

having a hydraulic conductivity (coefficient of permeability) £ 1 % 10'7 cmmys is required. - To

achieve regulatory approval, an applcant who proposes o use a GCL rather than a compacted |

claylmermaybereqmredtodemonmrethattheGCLwﬂlpeﬁommaneqmvaientmamexm a.
compacted clay Bner. If the GCI can be shown to b€ eqmvalent in terms. of me..nna.

_ penom:ance ob;ecuves a basis forrecuhmry anprovalls esmbhshed.

The objecuves of this paper are:. (1) to prcmde an mtmducnon to GCLS for t.'nose who' -

. ‘méy be unfamiliar with this Bning material; (2} to summarize the potennal applcations of GCLs

to landfll covers; (3) to examine the relative advantages and disadvantages of GCLS compared to -

. compacted clay liners; and (4) to provide a generic assessment of performa.nc. equivalency of - '
. GCLs compared 10 low-permeability, compacted clay barriers. The fourth item will comprise the -

bulk of the paper. The conclusion is drawn that geosynthetic clay lners can be shown to provide |
equivalent performance to low-permeability, compacted clay liners for many 1andfll sites. The

- - key issues concerning equivalency are ability to it percolation of water thmush rhe bame:, .
-permeabﬂ:tytogas,slopestabﬂzty,andprmmm : Lo EE

.' MRGDUC"‘ION TO GEOSYNTHE’HC CLAY mes
“TheMatenal R

Geosynt.heuc clay hmers (GCI..S) are tb.m "blankets" of bentamte clay attached to'one o:_'

mare. geosymheuc materials (e.g., geowxtile or geomembrane). - Benwonite is a unique clay .

. ineral with very high swelling potential and water absorption capacity. When wetted, bentonite:

CTe

" i the least permeable of all naturally-occurring, soil-like minerals. : Bentonite is also a.
; ,chenncally stable m.meral thaz has underwone complete wearhﬂ'mg and wﬂl Ias:, in ef:ect,
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i

- Geosyntheric clay liners are manufactured by laying down a layer of dry bentonize
approximately 1/4-inch thick, on a geosynthetic material and attaching the bentonite to tha
geosynthetic material. Two general configurations are cumently employed in commercial
processes: bentonite sandwiched between two geotextiles (Fig. 1a) or bentonite glued 1o o
geomembrare (Fig. 1b). The primary purpose of the geosynthetic component or components is.
to kold the bentomite together in 2 uniform layer and permit transportation and installation of the
material without losing bemtozite or aliering the thickness of the bentonite. However, tha
geosynthetic compenents may serve cther important purposes, as well, such as adding tensile op -
shear sirength 1 the material. - .

e S e e
AL R e i LT

Bentonite

meorane

s Tl G




LDEQ-EDMS Document 36293850, Page 335 of 476

®

- limers were first nsed for landfill liners.in 1986, Since 1986, geosynifeticsisy liners bave be
ased for 2 variety.of lining applications and also in several final cover systems for hazard

_ The bentonite compenent of a manufactured GCL is essentially dry, and there are open
voids between bentonite granules in the mannfactured material. When the béntonize is hydrated
with water (for example, by imbibing water from underlying or overlying soils), the bentonita -
swells and the voids between bentonite granules close. The swelling action of bentonite is

crucial to attainment of low permeability.

 Geosynthetic ciay liners contain approximiately I pound per square foot of high-qualiry -
sodimm bentonite that has a hydrautic conductivity (coefficient of permeability) of approximately
1 x 10 cm/s or less. Continnous gravity percolation under unit hydraulic gradient through 3
material with a hydraulic conductivity of 1 x 109 cm/s would result in an infiltration rate of 0.0}
inches per year, or approximately 1 inch every 100 years. For landfill covers, an intact GCL may

. be considered essentially impermesble to water.

.. Geosynthetic clay liners were first mannfactured in the e2r’y 1080°c and were inifally. ..
" .nsed for fonndadon water proofing and for sealing water retention smucties. Geosynthefic ¢lay

wastes, radinactive wastes, and non-hazardous solid wastes, -

. i
Commercisl Products:

Four geosynthetic clay Imers arecmeﬁﬂy manufactmred: Bentofix®, Bentdmai@, .

Claymax®, and Gundseal®. The GCLs fall into the broad categories shown in Fig. 1 as follows:

. Beatonite sandwiched 'ben?}eeni two ge-qtexﬁlés:'Bentoﬁx@,' Bentomat®, and Clayma'::@

-+ Bentonite mixed with an adhesive and glued to 2 geomembrane: Gundseal®.

The GCLs are sketched in Fig. 2. Beniofix® and Bentomai® consist of bentonite
sandwiched between a woven and non-woven geoiextile that are nesdle-punched together. -
Claymax® 200R consists of bentonite mixed with gloe and sandwiched between two woven
geotexiiles. Claymax® 5C0SP consists of bentonite mixed with glue and sandwiched between
two woven geotextiles that are sewn together. The purpose of stitching the two' geotexdles -
together is to provide additional internal reinforcement and greater shear swength. With all the |
geotextile-encased GCLs, special geotexiiles can be selected to "custom design™ the G{L. w0 a

. particular application. Gurdseal® is made by mixing bentonite with an adhesive and artaching’

. the bentonite layer to a polyethylene geomembrane.. Gundseal® can be supplied with high -

 density polyethylene (HDPE) or very low density polyethylene (VLDPE), and the geomembrane
can be either smooth ortexzred.- .- - . - 0 ¢ - T

. Al GCLs are manufscrired in panels with widths of approximately 13 to 17 fr.and

lengths of approximately 735 to 200 fr. " The panels are placed on rolls at the factory and are

rolled ar the time of installaion. The. weight of the roll. varies,  depending on size and

'. “materials, from about 1,400 10 4,000 pounds.

“The pa:ieis are typically overlapped 3 0 12 in. during instzllation and are said to be "sélf

~ sealing” at the overlap. A sketch of the overlapped zones is shown in Fig. 3. With geotextile-

ericased, needle-punched GCLs, scdium bentonite is placed along the overlap (Fig. 32) at a rate
.of approximately 0.25 Ib/ft. The bentonite penetrates the pores of the geotextiles and is said by
the menufacturers to cause the materials to self seam when the bentonite hydrawes. With -
geotextile-encased, adhesive-bonded GCLs, no additional bentonite is needed (Fig. 3b). The

- material is 5aid o seif seal upon hydration:at the overlaps through expansion and "cozing" of
%. bentonite cut through the cpenings of the gécte:c_tifbe’ in the oveﬂap-“a;ea, B ; ]
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‘A Ceotextile-Encased, Nesdie-Punched GCLs
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| With GCLs containing 2 geomembrane, the GCL can be placed with the bentnnité facin; '
upward (Fig. 2) er, as shown in Fig. 3c and 3d, downward. If the GCL will be used by itself as 2

composite geomembrane-clay lner, the geomembrane would face vpward. If 2 separate - e

geomembrane is to- be placed on the GCL., the bentonite would face upward. | The material is said -
10 be self sealing at overlaps with no need for any mechanical seam at the overlap (Fig; 3c), |
‘However, if one wants to form a continuous geomembrane out of the geomembrane componant
of the GCL, a cap stip can be welded over the overlap (Fig. 3d). . ' .

Poteﬁtial Uses of Geosvnthetic Clay Liners in Final Cover Svstems -

Geosynthetdc clay lners can be used in ﬁnal'covér,systenié in several "w'a'ys, as shown in°

- Hg. 4. One cheice (Fig. 4a) is w use the GCL by itself as a barrier to water infiltration. The

GCL would be buried below a layer of protective ¢oil.  As indicated eatlier, the bentonite

. component is expected to be essentially. impermeable to water after it is has been hydrased, -
" assumingthat-the, GCL withstands the potentially. damaginz efécts of wet-dry cyclés and -
. differential settlersent-(discussed later). * One possible problem with using 2 GCL by itself as
- baxier layeris'that the dry bentonite is initally highly permeable to landf}iigas — the'bentoni
-+ waold have 1o;2bserb water; hydrate, and swell before the bentonite becomes an effective baries

to gas-migmicn, and the benionite could not be allowed to dry out because the bentonite would
again become permeable to landfill gas. At exwemely arid sites, there may not be adequate water
available to hydrate the bentonite to the extent that is necessary in order for the GCL to havea .
low permeability to gas. However, for those GCLs that contain a geomembrane, the -
geomembrane itself provides a barrier to ‘gas migration. In addition, a batrier to gas migration’

© within the final cover may or may not be 2 design consideration, depending on site-specific

consideratons.
| The second potental use of a geosynthetic clay. Enmer in a final cover system is in
conjunction with a geomembrane (Fig: 4b) to form a compaesite gecmembrane/GCL kner. The:

......

~ composite could either be formed by using 2 GCL that contzins a geomembranie or by separately

constructing a geomembrane on top of a GCL. By placing clay under the geomembrare, the clay’

- serves to seal off any imperfections in the gecmembrane, e.g.; pinboles or defects in seams, and -

to help in providing an extremely effective composite barder to infiltration of water. The
geomembrane would protect the underlying GCL from wet-dry cycles and would serve as a gas

‘barrier for those pericds when the bentonite component of the GCL is relatively dry.- The main’
-advanrages. of a separately-constructed. geomembrane -are that a separate polyethylene

geomembrane liner could be seamed with the most advanced welding equipment available,
which is microprocessor-controlled, dual-track, het wedge welding equipment, or that some other.
type of geomembrane besides polyethylene could be used, if desired. I a bentonite-polyethylene

. composite GCL is used and the polyethylene components are to be seamed at overlaps, a'cap .

strip is typically placed over the overlapped region and the edges of the cap suip are welded with
fillet extrusion welding apparatns (Fig. 3d). . However, becanse water flow through non-welded
seams is expected to be negligible, the anthor encourages designers not to Use ¢ap strips over .

o overlapped panels unless there is a gocd reason to do so.

Athird option is to sandwich the GCL between rio geomernbranes (Fig. 4). Oneér -

‘both gecmembranes would be separately installed, depending upon the GCL material employed..
The advantage of this design is that even less percolation of water through the barrier would -

. eccur.. In fact, the bentonite component would become wetted cnly arcund minor imperfections -~ .
.in a geomembrane or its searns, where the bentonite would serve to seal off the leakage through' -~ -
the imperféction. - This type of design approach, with a friple-composite liner, has rarely. Gif ever)

- been used for final covers over solid waste landfills and would be considered an exmeme design .

for those facilities requiring extraordinary protection from water percolation or gas migratior
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l - . . (A) GOL Used for Barrier Layer by fiself

Gecsynthatic Clay Liner

(B) GCL Usid with Geomembrane -

oo . Gecmembrae

Gecsynthetic Clay Linai‘/

(C) GCL Usad with Two Geo membranes

. o . ‘(D) GCL Usedwrth Compacted So'i and (Opt!onal)
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' Geosyrthefic CiayLiner

.- L. Figme4 Porential Uses of Geosymitietic Clay Liners in Landfill Covers.,



LDEQ-EDMS Document 36293850, Page 340 of 476

]

A fourth optic;n'is o place the GCL cntop of 2 lo#f'-'permeabﬂizﬁl, compacted soil liner
(Fig. 4d), possibly with 2 geomembrane placed on'top of the GCL (Fig. 4d). This design adds -
redundancy of materials and enables one to provide a very high degree of protection in the final”

cover system. In.such cases, the GCL may replace part of a conventional compacted clay linez,

or the low-permeability soil compenent may have a hydraulic conductivity thar is greater than the

‘usual 1 x 167 cm/s (i.e., use of the GCL lessens the need for extremely low permeability in the

underlying soil barzier layer).

* A fifth option is to place the GCL on top of a low-permeability, re-used wasts materiz}
(Fig. 4e), possibly with a geomembrane placed on top of the GCL (Fig. 4e). This design adds
redundancy of materials and enables one to make productive use of waste materials, An exemple
cg 9za.é,'ava:ste marerial that might be considered is paper industry sludges (Maltby and Eppstein,

ALY

ENGINEERING PRUBSRTIES OF GCLs, - © -y (0

Hvdraplic Condnctivity B B ’ . o
o In genéral, the hydraglic conductivity of the bentonite component of GCI.s_vaﬁeé ‘

berween about 1 x 10-1% and 1 x 10-* cmy/s, depending on the confining stress. The higher the

* compressive stress, the lower the hydranfic conductivity. There are some differences betweea

the hydranlic conductivides of the'Vvarious GCLs, but, except for bentonite~geomembrane
composite GCLs (for which the geomembrane will significantly reduce the overall hydraulic
conductivity), the differences do not appear to be very large. The available data are summarized -
by Schubert (1987), Daniel and Estornell (1990), Scheu et al. (1990), Daxiel (1591), Eithetal
(1991), Shan and Daniel (1591), Estornell and Daniel (1992); Grube (1592), Daniel et 21, (1993),
and Daniel and Boardman (1993). e o “ o

For. 2 final cover systm, a Confining stress oa the order of 200 psf to 600 psfis-a -

. Teasonable range. Laboratory hydraulic conductivity. tests performed on backpressure-satmrated |

test specimens in flexible-wall permeameters indicate that the hydraulic conductivity of the

. ‘bentomite component of GCLs in this range of compressive stress is approximately 1w 4 x- 169

cm/s. Estornell and Daniel (1992) measured the hydraulic conductivity of GCLs in large tanks.
The tests were specifically set up'to sirnulate conditions of low overburden stress. that are typical”

- of final cover systems and 1o test very large specimens with overlaps. Ofthe 10 testsforwhich - =
hydranlic conductivities were measured, the average value weas 4.6 x 109 coy/s (mormal:” .- *
averaging) ‘or 2.2 x 109 (logarithmic averaging), Based on all the data, a reasonable assomption. ~ . -
is that a GCL can be supplied with a hydraulic conductivity for a landfill cover application less =

than 110 5x 10Pemfs. ~

. Studies of the hydranlic properties of overlapped seams performedby Estornéll and”
Daniel (1992) indicate that the overlapped seams in GCLs self seam in the manner describéd by

‘the manufactorers. For geotextile-encased, nesdle-punched GCLs with additional bentonite

along the overiap, the bentonité appears to swell upon hydration and plug voids in the georextiles.
present in the overiap. For the geotextile-encased, adhesive-bonded GCLs that have been tested;

~ the bentonite within the GCL appears to coze cut through the openings in the gectexiile and't0
allow the material to- self seal.” For bentonite-geomembrane composite GCLs, the bentonite
. swells upon hydration, seals at the bentonite-polyethylene interface, and effects self-seaming at = . 1"
_ the overlap. ‘Thus, based on the available data, it is reasonzble to assume that with properquality = -
“control in the field, seams can be installed that will selfeseal. -~ . © & .- Lo T LT
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. S@eﬁ@

. ' . Internal Shear Stren@ The mremal shear screncth of GCLs has been determmed by the: .
~ manofacturers and various organizations and testing labératories. “Internal shear strength” refers
to the strength of the material when sheared through the mid-plane of the bentonite. The author
and his smdents at the Umverszty of Texas have performed independent tests, Whlch are
described below. - ' : , : _

Direct shear tests were pe:fomed o square specimens that measured appm:amazely 25
in. in length and width. Test.specimens were cut from parent material, set up in a direct shear. .
apparatus, and subjected to the desited normal load. Fer tests on water-samrated specimens, the - - -
specimens were then sozked with water and allowed to equilibrate; about 3 weeks were .
" before swelling ceased. Test specimens were sheared very slowly with faﬂure occm:mg in3 to 7
“days. P.esmlts onwater—samrated GCLs are summanzed in Figmre S _ _ :

-
-

- @ Bentnmat gi : : /e/
a Claymax el -

__AGundseai el af/;

—_
)
]

-
Q

..&b.\\ | '

-SHear‘_‘Stress..(psi) .

0. .5 10 15 20 25

| Normal Stress (pé:i) .

. Figare 5. Resalsof iret Sheas Tests on Fully Hydieied GCLs
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The f;ﬂm envelopeé shown in this ﬁgure were determined from Hnear,remsi on
analysis, which ylelded the following results: ' . '

Geosvnhetic Clay Liner.  Effective Cc ohesion (gsivt - Angle of Tntemal Friction (Desress)
Bentomat® . 44 S - g

Claymaz® S '_.0'.6 o 9

Gudseal® . . 12 - . 3

P

R

The Teader is reminded that these results ars for completely: watcr-sariiated entonite ~ if the
‘benjonite is encased between two geomsmbrzaes, it is unlikely. that the bentonite will becomme
-saturated thronghent. - - : s SEEENEALTTTT o

Cereful examination of the low-normal-smess Tegion shows that the failure envelope 5 . v

distinctly curved. This carvarmre is significant becanse it means that the materials are stronger at -
low compressive stresses (such as experienced in final covers) than other sitvations. In stmdies:
recently completed at the University of Texas, tilt-iable tests were performed. Samples of GCL
materials that measured 12 in. by 12 in.'were set up on 2 it table, loaded with a steel plate,
placed in a water bath, and allowed 1o fully hydrate. Then the table was-slowly tlted over a-
period of several weeks uniil sliding occrared. The tilt table and direct shear data for one GCL
(Gundseal®) are shown in Fig. 6.- The failure envelope is obvicusly curved. Figure 7 presents
the reladonship between angle of internal friction and normal stress. - For landfill covers, a
typical range of normal stess is approximately 200 w 600 psf. Althoungh the data are presemed .

for only one GCL., similar mwends are expected for other GCLs. Designers should exercise care in

in‘the field aré utilizedindesign. . o | | ST
.. Dry bentonite is much swonger than water-samrated bentonite. For dryGCLscrshghﬂy -

‘damp GCLs, the angle of internal friction (even for the materials that are not intemally

reinforced) is approximately 35°. It is only if the material is hydrated that-bentonite becomes

evaluation of shear sirength dam to ensure that the proper parameters for the conditions expected . .

weaker,

' .For'those GCLs that ate needle-punched or sewi together, the internal reinforcement of -
the GCL makes the material’s internal shear stréngth much less sensitive to the swrength of the
beritonite contained between the artached geotextiles. However, the reader is cantioned that for
landfill covers, the GCL may be exposed to prolonged shearing stresses for periods of years; -

~ decades, or even centuries, and that the long-term shearing resistance should be carefully o

. Interfacial Shear Strength. “Interfacizl shear swength” refers to the sheasing strength
. between two adjacent components of a liner or cover Systern. - The GCL may be placed against " - *.
- soil, a'geomembrane, or a geotextle, ' Because the range of possible materials at an interface Is” -~
unlimmited, the actual interfacial shearing properties are usually determmined on a project-specific - - .-
- basis. Itis the anthor’s experience that the internal shear strength will often govern the desiga
" becanse; with proper selection of materials, relatively high interfacial strengths can usually be
sobtaimed. 0 T L T e e T

., ;- : .10.‘.._ _
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. Tensﬁe Su'em'»"ch=

The tensile strength ¢f 2 GCL is derived almost eacluswely from the tensile sm-.nqh of }

the geosynthetic components. - For those GCLs that are constructed from unmodified
- geosynthetics (Le., no nesdle-punching or other alteration of the parent geosynthetic material), °

the tensile strength of the GCL may be taken as the tensile swength of the geosynthetic
components. For those GCLs whese geosynthetic components have be..n altered during the
manufacturing of the GCL (ie, needle-punched or sewn GCLs), tensile strength can be
measured by performmg a wide-width tensile test on the GCL ‘material ltself Data on :ensﬂe

~ properties of GCLs is ava:labl\. fmm the manufacturers.

Durability I |
. Punctire Rglstanc Shan and Damel (1991‘ stnd.lea me effects of puncmres onia

. '_céotéxnle-encased., adhesive-bonded GCL. The manufacturers of other GCL, producis have
: developed similar data for thelr particular products. The effects of puncmres on- the: hydrauhc -

conduczmt}g .of the GCL were smdied by drilling or cutting ciwvvlar holés into. the dry GCL; ... .
setting the puncm:ed .GCL up in flexible-wall permeameters, 4ad permeating:the. GCL slowly, REIES

wnith steady flow was’ achleved. Resuirs are summanzed in the fa]lomncr L..u!“‘ e

Dia:'néter of Punctmre - - Hvdranhc Condncnwtv (_cm_@

No Puncnmes T o 2x10'9
osm C 33109
tm . sz
Sm. - .‘ : o | >1x10-4

SmaH (<1 dzame:ar) punctares made in thc d:y material seh-saled upon hydranon of
the bentonits. These tests illusate the self-healing capability of bentonite; Each particular GCL
has-a different capacity to self-heal puncrures. However, all GCLs are capable of self healing. -

- smzll punctures in the dry GCL when the bentonite is hydrated. - It should be emphasized tha

these tests were performed under carefully controlled conditions in which no material other than *
bentonite was allowsd to fill the puncture. In the field, other materials may 1l large punciures.

‘Although GCLs have some capability to self-seal if ptmcured, m are cIeariy hmmm i‘i he

s:zeofpuncm:e that could se]fsealmthe field.
' Des:ccanon Concm has beﬂn expressed that the bentonite component of a GCL may. '

. swell ‘when hydrated but may later dry out, shrink, crack, and lose its mpermeability. -Shan and

Daniel (1951) investigated the healing capability of one gectextile-ericased, adhesive-bonded
GCL that was subject to wet-dry cycles. Sa.mples of the GCL were permeated in a flexible-wall
ermeameter, Temoved from the permearmeter, andaﬂowedtoa:zdrywmasmallvemcal sgess

S
- applied to the specimens.’ All specimens exhibited severe.cracking opon drying. - The specimens, .

were then set back up in a flexible-wall permeameter, slowly rehiydrated, and then repermeated... -
Thexewasnochangemhydraxﬂzccondncmtyfmmthemmalvalue of 2 x 102 cr/s, even after -

 three wet/dry cycles.. These tests reinforce the fally reversible shrink/swell natre of bentonite

and suvgestthat any demceauon cracks will seif- heal when the benmmte is hydrated.
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'PERFORMANCE ASSESSMENT

In research recently completed at-the University of Texas (Boardman, 1993), large
samples of GCLs (with and without overlaps) were buried under 2 ft of gravel and subjected o2 -
wet-dry cycle that simulates severe conditions that might occur in 2 final cover for a landfin,
The GCLs were set up in the tanks, hydrated with water ot 2 steady hydranlic conductvity was
measured, and then severely dcaccated by draining away the water on top of the GCL' and
circulating heated air into the gravel that was placed over the GCL. The heated air cansed severe.
desiccation cracking in the GCLs. However, when the GCLs ‘were rehydrated, the bentnite
quickiy swelled and the hydraulic conductvity evenmally returned to the original; extremely low '
value. Thus, it appears from the available data that GCLs have an excellent capacity to self seal
from desiccation-induced cracking. Geosynthetic clay liners pmba.bly possess much rea:a-

-abﬂlty to self seal tban conventional compacted clay liners.

ezg@aw Comv‘acted clay lizers are known to be vulnerable 10 damaﬂre from ,

ﬁ-eem ..When water In soil freex , the water expands; and when the water thaws, the water .

contracts.. This expmon and cestraction canses-small czacks to appear in the sozl and cause;

i;ozher\alterancns in the soil structure Taat 12ad 10 increase hydraul.c condncrmry

)
ER N

" Shan and ‘Daniel (1991) snb,,ectod a s!ebtexﬁle-encased, adheszve-bonded GCL to

freeze/thaw A test specimen was set upin a- ﬂu:nﬁle-wall permearneter, hydrated with water, - ..

and permeated until 4 steady hydraulic conductivity was obtained. Then the specimen was .
removed from the flexible~wall permeameter and subjected to five fresze/thaw cycles ar constant -
water content. The specimen was repermeated, and it was found that the hydranlic conductivity

did not change.  Simmlar results have'been obtained by commercial testing laboratories for other A
GCL pmducts Available data indicate that the high shrink-swell capa.bﬂny of bentonite gives
bentonite the ability to self-heal if any alteration cccurs from freeze/thaw cycles. Geosynthetic
clay liners appear to have a much better capacity 1o remain undamaged aftm- ﬁ-e..ze-thaw than
corrventonal compacwd clay Imers

Mzn recrulatory az,enc:es have u'adxnona]l requ:red a Iow-pe:meabzmy, compacﬁed cIay '
liner (cr the eqmvalem) as the primary hydranlic bamer within landfill covers. The thmkness of

" ‘a compacted clay liner typically ranges from 1 to 2 fi (cccasionally up to 3 to 4 fi), and the -
‘maximum allowable hydranlic conducnvzty is typically 10-7 cmy/s. If one wishes to subsnmte a

GCL for a compacted clay liner, one must usually demonstrate that the GCL will be equrvalentm

_ terms of meeting’ performance objectives. Neither federal nor swte regulations mention the

criteria by which equivalency should be evalnated. . At the present time.equivalency must be
evaluated on a case-by-case basis using criteria that are not very well defined.” The lack of

" accepted criteria is perhaps the single: greatest problem that the landfill designier and owher | face
_ m seekmg regulawry approval fcr subsutuucn ofa GCL fora compacted clay liner: T

Orne should not rea]ly tbmk of a geosyntheuc clay Hner as being eqmvalent toa -

o compacted clay liner” Indeed, a 1/4-in.-thick layer of bentonite could not possibly be eqmvalent
" to a much thicker layer of compactad clay in all respects. The critical issue is whether

substitution of an alternative material such as a GCL for the more maditional compacted clay

_Liner in a landfill cover will mest or exceed the performance objectives of the compacted clay - . ©
. - Hper. IftheGCLwﬂlmtorexceedthepe:fcmanceob;ecuves,thennshcu.dbeconszde:ed; T
thaxeqmvalencyhasbeen&ctabhshed. R _ R Coer T
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:’ Y Some of the dsﬁerences between compacted clay Imers and geesyntheuc clay Imers are - '

l

I

F

Differences Between CCLS and GCLs |
i

hsted in Table 1. g
|

|

|

|

Table 1 - Differences Between GCLs and Compacted Clay Liners. .

Characteristic ' ,Geosyntﬁeﬁc Clay Liner * Compacted day Liner' L

Benmmr.e, Adheaves o Na:ive Scﬁs cr Blené. of Sai
o Geotexﬁles,and R ‘{ ~ ardeentemze_ S

’Ihxckness T Appmmma.telj y5 mch Typu:a]lylto?.fz

Hydrauthonducmty | <1t05x10'9cm/s TR0 e

"SpeedandEaseoz SE Rap:d, Szmplelnstallanon Siow, Lorzmhcated T
Lonstmcncn'- S __Consu'ucncn

Ease of | Quahty Assmanc.. - Relaﬁvely Sxmple, Straz ght- ‘ Complex QA Pmcedm ‘
: (QA) o Forwaxd, Common-Sense | Requiring Highly Skilled and
i . , Pmcedmes o _ Knowledgeable Pecple |

. i Vulnmbﬂ;ty-to Damage - ' GCLs Are Es.aennally Dry- Cun:n:a.cwa’ Clay Tiners AI"' _
' During Construction asa. .- | GCLs Cannot Desiccats : Nearly Satorated; Can.

Resulz of Desiccation” drcnncr Constmcuon o -_'- chca.te during’ Constmcucn
‘ . (-

Av*a:labﬂny of Marenals o Ma:ena.ls Easily Shlpped to | Sutable Matena]s Not.
) AnySzte L AvaﬂableazA.IlSms -
' |

' COSI — : Typu:ally $D.501:o$0 60per Hx,hly Vel = Esumazed'
S ; SqumFootforaLarveSne Range: SOJOtDSJOOPEr

4 : _ SquareFoot

: Expenence o Limited-Due_toNewness _ IélasBeen Usedfor Many

'%‘

- Some of the potennally zmportant (dependmg npon spec:ﬁc appl.cauon) rela.nve v

a&vantagesofCCLsandGCLsmaybesmnmanmdas ollows: .. - T T
Keyadvana,,esofcompactedclayhnm (CCI.s) S | ’

e e _f- '-'0- Many rec'ulatory agencies reqmre CCLs -.use. ofanother type ofhnermay: ‘
- reqmret:me@onsummgdemonsn'anoncfeqmvalencywaCCL -

T . aitte ) ! T
.

- '1'4
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- . |

|
i

| « A CCLis alogical choice 1f large quantities of smrable clay are ava:labie Iccally-
. S * The large thlcknessofCCLs makes themvuma.lypuncnn-epmof L

. The large thickness of CCLs and the: face that they are constructed of mulnple
© layers makes them relatively insensitive to small 1mperfecnons in any one layer, -

.o Theremalonghlstoxyofuse of CCLs; _

o -'- Quality assurance procedures are raasonably well esmbb.shed for CCLs. |
e Key advamaaﬁ of ceosynthenc cIay liners (GCLs) o o E
e Smeh r.blckness ofGG'..s leadss to. iow cot vmnpuca of Iandﬁll Space;. . ..

» . Constmcuon of GCLs is rap1d and sm:nle,

X GCLs car be shipped to any. Iocauon theh use is Rot 'deli?m. dent upon ":I.'Oéa
'avajiﬁbiht}f{}fm . : )

. Heavy eqmpmen: is not needed to install a GCL which is very helpful for ﬁnal E
o cog cﬁ%eﬂam by compressible waste (where compaction wnh heavy ecpnpmem
is 3 v , o .

.+ Inswllation of a GCL requires less veh:lcular traffic and less enero'y use t.han-
: placement and compacnon of a CCL -~ th:s also leads o less air poﬂmn vmh &

. .-+ Some iaclerment - wea:her delays (e.g. . *f-r;emcr tcmperamres) ‘that ! stop,
: . coastruction of CCLs arenotapmblemwuhGCLs; .

e --'»Ccnsu-ucuonwamxsnctneededwnha(}a. wh:chca.nbemncalmmdmas :
' ',wherewaterresaurcesarescarce,

B fBecauseaGCLmamanufacmredmatemLaconszstentandumfmmmalcaﬁ R
' _bepmdnced, .

K - 'fBewuseGCLsaremanufacmredmaImals specmhzed performance propemes’.,”"'
: -canbedetez:mmdandneednotberepeawdly IR

. .GCLscanaccamcdatelarvedJﬁerennalsetdemem; ;
- Quah‘yassmanceﬁsmplerforaGCLcomparedtoaCCL,
'GCLsaIemoraeasﬂyreparedthanCCLs, -
- . ’ Gclscanpmbablybetterwﬁstandﬁe&e/tbaw andwet/drycyclesthanCCLS'
A . j':GCIT..sarenot vulnerabletodemcwnon damage dunng consmoction. |-'
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, 1. Hyd:aulicissues'_ B S .
. 2 Phys:czlfmechamcal issues; ' ' '

_3._ Constmcuon lssues. '

" - The sPecnﬁc technical issues that nnght have to be add:essed fer a parncm]a: site are hSted in
Table 2. For comipleteness, the issues are identified for both botrom liners and fmal covers.
01113; ﬁual COVELS are consxderad in the succ..dmc dlSCIISSIOIL o .

l‘q bie 2 - Pa:anual Eqmvalency Issues i

P0§gb1v Eelevam fgr

'_--'Catemr”

pe.

Eﬁmm : * Steady Flux of Water
‘\Issues - . : Steady Solute Flux .

oo - ' Chermigal Adsorption Capacity .
Breakom Time:
' <Water,
. -Solme .
Preduction of Consohdanon

. |Physicaly - - ' "Freeze—'l'naw

-+ -{Mechamical - - . . - Wet-Dry -

© |Issmes - . Total Settlement S
Voo . . - . Differental Settlement -

Slope Stability

-Erl‘;gon x4

Beannchapacuy

Constmcnon SRR "PuncmreRes;jstance
... i|Issmes - -' - . Subgrade Condition
T - Ease of Placerment = -
Speed of Construction -
Availability of Materials
S for Waer -
"+ Alr Pollution Effects ,
Weather Constraints - -

QuahrzAssurance

‘MwNMMAMNw:
b b

b

|benindpapedabanade B4 bedane
[ananabananananane. bibabasepanade’

o ";.-lRaevantorﬂymtﬂlma'xscoveredsufnuenﬂytopreventﬁeema : o
g - Setement of liners nsually of concern only in cartain cicumstances, e.,,verﬁcaIexpazmons i
. “ ’3Sﬁbﬁ1tyof]nmmaynmbemlemaﬁerﬁmng,fmpermmmtslopemms o .

16
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_ ofwazer(v) tbrou,hanmdmdual layerofporcus marenalzs deﬁnedﬁ’omDarcys Iawas o

| T
E;;vd:auhc I_s_sue Hydranlic issues are the easiest to quantify. The criteda, Whlch are

discussed separaiely, incinde steady water fluz, time to initiate release of water from the base of
the Imer ("breakout time™), pmducuon of consohdauan water, and aiy permeabﬂlry o |

1, Steadv Fiux of Water.. P

: Water ﬂu}; is defined as the volume of flow across a unit area in a wnit time. Fera bamer
in a final cover system, water ﬂuA is equal to the rate of percolation of water through the ba.mer
layer _ _

* Water ﬂux is usuall aDaIYZEd based on the Ioncr-term, steady state water flax. The ﬁu_x -

!

© where ki is the hyd:auhc conducnvmz, His the depth of Yiquid ponded o t.be liner, and T i 1s the -
- thickness of the liner. The water pressure on the base of the hner is assumed to be' a.tmosphenc c

pressme mEq 1.- L
Equanon 1 is applicable only for ﬂow tb:ouah the benmmte component ofa GCL; If the

'GCL contains a geomembrane, water fiux will be controlled by water vaper diffusion thmu,h the -

geomembrane Component. The georiembrane component, if present, should be considered in the

' eqmvalency analysis and in computation of water flux. The simplest way to do this is to adjust

 the hydranlic condnctivity of the GCL to reflect the presence of a geomembrane. (Noter sucha

and 3 ccmacted ciay lmer (CCL) w1r.h

simplification does not mimic reality because water flows tbrou,h a geomembrane via diffusion, .
and Darcy's Iaw is not applicable to diffusion. Nevertheless, as a matter -of computational -
convenience, one miay make estimates of water flux by using.appropriate values of equivalent

- hydraglic ccndmwty) Also, Eq. 1 apphes to 2 CCL or GCL liner alone and not to composize
liners involving one or more separate crecmembrane compouents Compome acuon vmh 2

' veomembrancxsconszderedlazer | . o L

" "The fiux ratio for water, Fw,mdennedastheﬂuxthrouahtheGCLd:wdedbytheﬂux .

_,_;h:cuc,h the compacmd clay Hiner (CCL) ) L

. Fe=vealvew P [ _(2),3
ki Tew HiToq = o R 5,: @

R = koo Toa, B ToaL

. -Iftheﬂunranms<1 thentheGCLmeqmvalenttotheCCmemsofsteadywaterﬂux. For" '
;example foraamanonmthH Ift(O.Sm}andaGCLmr.h _ o

. o . ) . J
kecx_,—lxlﬂ'9cm/s—lx10'11mf5'-_ S R
TGCL 7mm OOO?m"'
' ?

kcc:r." 1x10-7cm/s lx'IQ'Q_nqlé L

17
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Y
|
chz,- 2ft Gém f

. - then Fy fromi Egs 3 equals 0.3, wiuch means tha: there would be less water percolanou thzc; ah |
' the GCL thana compacted clay liner - eqmvalency is estabhshed fcr these condmons { a

' Alternatively, one can assume that Water flux th:ou the GCL Is o the wan
through a CCL (Le., Fw = 1) gh equal W gfﬂux

.VGCL"'VCCL co : I ‘f(_"f).f

and compnte the reqmred hydrauhc conductmty of the GCL by substitution in Eq 4. I

"k@-r—“aa. mkaTE o e

ﬂm)mm' T BFTew - L@
6 may be used to detfmmned rhc hydrantic conducnvny of the GCL necessa:y "
o estabhsh eqmvalency So long as the job specifications require that the dctual hydrauhc '
conducnvuy be less than the value computed from Eg. 6, equivalency in terms of steady water .
* flux is thecretically guaranteed. The fequired hydraulic conductivity of the compacted clay hne.r
* (kecy) is almost miversally éstablished as 1 x10-7 cm/s by regnlatory agencies in the US. ‘The -
- thickness of GCLs (Tecy) varies from product to product, but is typically about 7-mm after
' hydranon at low overburden stress.: The head of lquid on the barrier layer is expected to be low
. . inafinal.cover systemy; evapoiranspiration and the narare of Tamfall events makes the biildnp of
" Tead on the bamier layer much less likely in final covers than in landfill Bners.. For fllpsmative ‘
. purposes, three values of head of water () on the CCL or GCL are assumed: 0,1 inch,and 1 - -

" foot The required hydraulic conductivity of - theGCLforeanvalmtperfcrmancetoacompacted :
. clayhnen'mtennsofsteadyﬂnxofwamﬂ:mnghrhehnenscompmedasfoﬂcws _ .

Fora 1-fi-thick compacted cly | liner:
e (ioeDRequind = 1x10'7cm/s foraneghgxblysmaﬂh&dofwateron the]mer .

-(qu)qued = 2x10-3¢mls forawatexheadoflmchonthehner :
(keq_)gaqm P 10'9cmfs forawaterheadofIchhesonﬁlehner -
Foraz-ft-thzck compacted clay hner ' .

- fkca)g_,;med = 1x10‘7cm/s foraneghglblysmallheadofwatercnthehner :
; o
(kgq)geqmed 2x10‘3cm/s forawaterheadoflmchonthehncr S ‘
- -&W-—leﬁcm/s forawaterheadofumchesonthehner ]

. As dzscussed ‘earlier, the hydrantic. conducnwty of -the bentonite componen: of -
commemally—pmduced GCLs is typlcally Slwsx 109 cm/s. Thus, itis clear ﬂm eqmvalency.

s

[

|

o . i
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